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A Quincunx Demonstrator 
R. E. WAGENHALS 


Ti} v T " I P?Ti Roller Bearing Company 


The quincunx on the cover is an 
effective tool to show the principles 
yf quality control average and range 
charts. It’s small construction lends 
itself to effective 15 minute demon- 
strations in foreman’s offices and to 
small groups of people. It is 10 
14}o ] In size employ ng 500 
one-eighth inch diameter balls. The 
pins which are pressed into the solid 
aluminum back are covered with 
plastic tubes to prevent the balls 


from bouncing. The wire stops any 


desired number of balls, dropped by 
a lever in the back, and makes it 
possible to get individual values 
from which average and range charts 
may be made Small horizontal 
markings on the vertical slots indi- 
cate the height f ten balls so that 


the number of balls for each indi- 


dual il it i! be Ca i {¢ - 
ned 

The a I tratior made nD fi t 
Y ng ire below the pull 


re with cardboard. X and R con- 
tre! } rt like tl} } } | 

ol Charts, ilike tnose in ne DacK- 
ground, are plotted by dropping the 

- : 
Dalis in groups ol five and recording 
the values At the same time the 
trainees are asked to keep an accu 


rate tally of the rrequency for each 


ndividual reading 3efore the dem- 
onstration is finished a simple ex- 
planation s made of the theoretical 
percentages ol balls that should fall 
n zones li 2 or The card- 
board is removed and the distribu- 


tion of balls in the quincunx is an- 
alyzed by the zones. This distribu- 
tion of balls has always been very 
close to the theoretical number in 
each zone 

The charts in the photograph were 
nade by operating the quincunx 
ising samples of five. The frequency 
distributions at the end of the charts 


‘; 


are tor averages individ lals ana 
range The fact that the demonstra- 
tor can very accurately predict the 
number of balls falling within the 
Zones 1n ivery LTT pre SSIVe den re- 
stration to foremen. This device 
built b Timken Roller Bear- 
I ( ipal ri¢ ] ed i i part | 
f ( t I ill! gy tf if- 
er r n ad ne i" pe 
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fae ee 


in custom-engineere 


Through basic engineering developments, Brown 

EI EC r q " . & Sharpe custom-builds uniquely simple inspect- 
4 4ess 7 é aN ii, ing and sorting machines for precision parts. 
Machines of this description made by Brown & 

Sharpe have the advantages of simpler, sturdier 


y : | 77 ¥ | , 7 . 
| | \ LY KE: q i q \ Gs construction; more stable adjustments; and easier 
,* a - 


manipulation of sensitivity. 


4 i ND SORTING This modern equipment can be designed and built 


to meet individual needs for: 


1. Manual loading and disposal 


E@ OIPMENT 2. Manual loading and automatic disposal 


3. Automatic loading and automatic disposal 


Why not turn over your problems of providing 
efficient gaging and sorting equipment to Brown 
& Sharpe’? Send an outline of your requirements. 
Learn what Brown & Sharpe can offer in custom- 
engineered equipment. Brown & Sharpe Mfg. Co., 
Providence 1, R. 1., U.S. A. 





I his single motor compact machine ut matically 


gages and sorts antifriction bearing rolls. It rejects 
rolls above or below manufacturing tolerance and 


separates accepted rolls into 5 sized 


mcrements of OOOO 


categories, in 





a 


This machine gages and sorts straight sleeves — measuring for length as 
well as diameter at both ends. The sleeves are segregated into four 
categories. 1. Oversize and undersize in length regardless of diameter. 
2. Small in diameter at either or both ends. 3. Large in diameter at 


either or both ends. 4 Good sleeves within tolerance 


Ihe machine has a production rate of approximately 3000 per hour. 
The capacity is adjustable for different lengths and diameters, It is loaded 
manually with automatic disposal. 


BROWN & SHARPE &5 












Practical Applications of New Theory 
A Review 
PART IV. GATHERING INFORMATION 


FREDERICK MOSTELLER, Harvard University, and JOHN W. TUKEY, Princeton University 


ry. 

| HIS 1S the last of four parts It covers process control, 
planning experimentation, searching for a maximum, 
special experimental designs, and where to get journals 
and tables. 


PROCESS CONTROL 
Although quality control people are by now familiar 
with Dodge’s “Sampling inspection plan for continuous 
production” [Annal of Math. Stat. 14 (1943) 264-279], a 
review of mathematical advances must necessarily in- 
clude this concept. The purpose of Dodge’s plan is to 
attain a limiting percent defective (AOQL) when in- 
specting items coming successively from a production 
line 
The principal idea is 
a) Inspect 100°, until i units in succession are clear 
of defects 
b) Then inspect only the fraction f of units until one 
is found defective 
c) Then revert to 100° inspection until i units in suc- 
cession are clear of defects, etc 
d) Correct or replace with good units all defective 
units found 
Those interestd in process control may also wish to 
examine the paper of A. Wald and J. Wolfowitz, “Sam- 
pling inspection plans for continuous production which 
insure a prescribed limit on outgoing quality” [ Annals 
of Math. Stat. 16 (1945) 30-50]. The methods of this 
paper are designed for the same purpose as that of 
Dodge. They guarantee that certain rather pathological 
situations cannot upset the sampling plan, but they are 
more complicated to use. The main feature is the con- 
tinuous computation of a ratio which depends on the 
number of defectives and non-defectives observed. De- 
cisions to change from 100°, inspection to sampling o1 
vice versa depend on the values assumed by the ratio 


PLANNING EXPERIMENTATION 

The problem of the correct scale of experiment to de- 
tect an assumed difference with a given probability is 
common to all fields. Marilyn Harris, D. G. Horvits, and 
A. M. Mood [“On the determination of sample sizes in 
designing experiments”, J. Amer. Stat. Assn. 43 (1948) 
391-402] have reconsidered this problem and found that 
the old procedures were inadequate. New tables are 
needed, and have been provided for the most common 
cases which arise with a single mean or the difference of 
two means. The essential change from past considerations 
is an allowance for the fallibility of our estimate of the 
error variability 

Some of these considerations involve the non-central 


t-distribution, many of whose applications have been re- 
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viewed by N. L. Johnson and B. L. Welch [“Applications 
of the non-central t-distribution”, Biometrika 31 (1939- 
10) 623-389], who give complete tables and a simple and 
effective approximation. 


THE SEARCH FOR A MAXIMUM 


One of the difficult experimental problems in metal 
lurgy is to find the particular combination of a numbe: 
of metals which will maximize some desirable charac- 
teristic of the resulting alloy. This problem appears in 
many other guises. When there are a number of variables 
nvolved such as temperature, length of time, and various 
possible amounts of each ingredient, the problem of find- 
ing the optimum combination requires very many ob- 
servations. Usually in such experiments the cost of a 
single observation is high. Therefore any help the statis 
tician or mathematician can give is likely to be very 
welcome, even if the computations involved are usually 
tediously long 


The pathbreaking work on this problem was done by 
Hotelling [The experimental determination of the maxi 
mum of a function’, Annals of Math. Stat. 12 (1941) 
20-45]. Hotelling’s method was mainly that of fitting 
parabolas or paraboloids to the data. Once a parabola o1 
paraboloid is fitted we can find its maximum and use 
this as a center for conducting new experiments in the 
neighborhood of this approximate maximum 

More recently Friedman and Savage [“Planning ex 
periments seeking maxima’, Techniques of Statistical 
Analysis, SRG-Columbia, McGraw-Hill, (1947) 365-372 | 
have considered the problem of designing such experi 
ments 

They point out that a factorial design (spacing the ob 
servations over a grid) is not a reasonable way to pro 
ceed in such an experiment because it is so expensive 
The factorial design increases the number of observation 
If we have 


7 variables and decide to choose 3 values of each variable 


very rapidly with the number of dimension 


there will be 3' 2187 points o1 observations to be 
taken. Clearly three values on each variable are not 
many. The intuitive view is that there must be a bette: 
way of distributing the points, because the factorial 
design leads to examination of parts of the function 
with the 


cost. These authors suggest a sequential design. The 


which do not give information commensurable 


essential process is to put the variables in some order 
Then change the value of the first variable only until 
the dependent variable is maximized. Hold the first 
variable fixed at that maximum and change only the 
obtained ete 
fitting 


or other elaborations may be combined with the method 


second variable until a new maximum 


The method is a rather commonsense one. Curve 














tumors of a compromise method, developed in Eng- 
land by G. E. P. Box, have reached us, but nothing 
seems to have been published about it 


SPECIAL DESIGNS 

Although none of the following designs can be used 
very often, there may be special occasions when they 
will prove useful 

For example, Dorfman writes on the “Detection of 
defective members of large populations” [Annals of 
Math. Stat. 14 (1943) 436-440]. His particular problem 
s the detection of syphillis by means of a “Wassermann- 
type” blood test. This test has the property that it can 
detect the presence or absence of “syphilitic antigen” in 
a pool of blood tests as well as in an individual test 

Now instead of testing each individual for presence o1 
absence of the characteristic, he suggests pooling the 
blood of a number of individuals. Absence of the char- 
acteristic on the pooled lists implies absence of the 
characteristic for all the individuals in the pool, while 
presence in the pool implies that we must retest the 
individuals in the pool to sort out the “defective in- 
dividuals” 

The optimum size for pools depends on the proportion 
For example 
if the percent defective is 1%, then the optimum pool 


of defective individuals in the populatior 


size is 11 with a saving of 80% in inspection over in- 
specting each individual. When the percentage defective 
increases, the amount of testing goes up and the reduc- 
tion of testing is decreased. With 30% defective the 
Dorfman sup- 
plies a table and graph showing optimum sizes of pool 


optimum pool size of 3 saves only 1% 


and relative savings 

Some such scheme might be useful in pharmaceutical 
or chemical testing for impurities or contamination 
when available tests are sufficiently sensitive and there 
are many such tests to be performed 

In connection with quality control charts for destruc- 
tive tests, Paul H. Jacobsen [“The relative power of 
three statistics for smal! sample destructive tests”, J 
Amer. Stat. Assn. 42 (1947) 575-584] has suggested a 
special device. Suppose that we are testing the blowing 
of 5 fuses by placing them in a panel where the fuses 
will blow in succession from small amperage to large 
If we stopped the test after the first three had blown, 
we would have the three smallest observations from a 
sample of 5. The remaining two items would be nearly 
as good as new. In life tests a similar argument applies 
except that we save time rather than items 

Now it turns out that if we use the mean of the three 
smallest items for a control chart we get an observation 
which is as good as the mean of 4 items in a sample of 
1. In other words, merely by placing two extra fuses in 
the panel the tester obtains information equivalent to 4 
units at the cost of destroying only 3 units 

It must be made quite clear that the result is a biased 
estimate of the mean. However, for controlling the level 
of quality, this is not of great importance. We can set 
our control limits around this biased estimate just as 
well as around the mean. We can get a range chart if 
we wish from the three observations we have. For the 
purpose of quality control therefore, we can continue to 
check both level and variability. In principle this method 
could be extended to larger samples, although this has 
not been done so far 

Anyone interested in life tests in service will want to 
read “Tumbler mortality” by G. W. Brown and M. M 
Flood | J. Amer. Stat. Assn. 42 (1947) 562-574]. The au- 
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thors have the problem of measuring the mean length of 
life of glass tumblers of two types—annealed and tough- 
ened. Experiments were carried out in service in a test 
cafeteria. An important complication in such experi- 
ments is that the experiment is necessarily of finite 
length. This leads to truncated samples, i.e., we have 
measurements on the items which have “died”, but there 
are a number of items which have not “died”. If we in- 
clude only measurements from lots that have all died the 
experiment will be unendurably long or else we will 
have practically no data on which to base our life 
estimates 

The authors solve this problem by fitting their data 
to the incomplete gamma function by the special device 
of minimizing chi-square. They also derive from tech- 
nological considerations some possible tumbler mortality 
curves. In particular, they find that the Makeham- 
Gompertz mortality curve, which could be used to ap- 
proximate the incomplete gamma function, would be one 
reasonable mortality curve to use: 

One model for tumbler breakage is that the tumble: 
breaks when it is bumped for the nth time and that the 
number of bumps is proportional to the time in service 
With this model one gets exactly the incomplete gamma 
function—but the data suggest that the number of bumps 
would need to be about 1.55 or 1.60 for the two types of 
tumblers. Thus a better explanation for the success of 
the incomplete gamma function is needed. 


JOURNALS AND SOCIETIES 

Some of the developments we have discussed were 
published in obscure journals, but a very large number: 
were in four journals. We shall describe them briefly, 
and indicate how they can be obtained. Where a journal 
normally accompanies membership in a society, an in- 
dividual will usually find it best to join the society 

Biometrics presents statistical and mathematical tech- 
niques for the user. Examples are likely to be biological 
but the techniques have wide application. An interest- 
ing query column answers many elementary and ad- 
vanced problems. Quarterly. Accompanies membership 
in the Biometric Society (and in the Biometric Section 
of the American Statistical Association). Subscriptions 
and back numbers from Professor Gertrude M. Cox, 
Institute of Statistics, North Carolina State College, 
Raleigh, N. C. Application blanks for the Biometric 
Society from Dr. Chester I. Bliss, Box 1106, New Haven, 
Conn. (Although mainly interested in biological applica- 
tions, the Biometric Society welcomes others interested 
in applying the same techniques to other fields, and a 
few percent of its present membership give “quality 
control or industrial statistics” as their main interest 
The writers will be glad to serve as the necessary spon- 
sors for 99.44% of the readers of Industrial Quality 
Control.) 

Biometrika, an English journal founded by Karl 
Pearson, has been the best-known journal of statistical 
method for more than forty years. More tables of 
statistical interest are published here than in any othe: 
journal. Twice a year. Special rate to members of the 
Institute of Mathematical Statistics. Subscriptions and 
back numbers from the Biometrika Office, University 
College, London, W.C.1, England 

The Annals of Mathematical Statistics emphasizes 
heavily mathematical and theoretical statistics, with 
occasional excursions into methods and tables on the 
one hand and probability theory on the other. Accom- 
panies membership in the Institute of Mathematical 
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Statistics. Quarterly. Subscriptions, back numbers, and 
membership applications from Professor Carl Fischer, 
3usiness Administration Building, University of Michi- 
gan, Ann Arbor, Michigan 


The Journal of the American Statistical Association 
covers a wide field, with statistical methods and applica- 
tions to economics and business stressed. Quarterly 
Accompanies membership in the American Statistical 
Association. Subscriptions, back numbers, and member- 
ship applications from the American Statistical Associa- 


tion, 1603 K Street, N.W., Washington 6, D. C 


TABLES 
All but one of the tables in Biometrika referred to in 
Part I, and others as well, are available separately from 
the Biometrika Office, University College, London, 
W.C.1, England. Some are available from the Cam- 





bridge University Press, 51 Madison Ave., New York 
10, New York 

Hald’s tables are only available with his book “Statis- 
tike Metoder” printed by Fr. Bagtes Kgl. Hof-Bogtryk- 
keri, Copenhagen, Denmark. An English edition of both 
book and tables will be published (tentative date 1950) 
by John Wiley and Sons in the Wiley Mathematical 
Statistics Series edited by Walter A. Shewhart. It is 
understood that the book will carry some material not 
contained in the Danish edition which will be designed 
particularly for the American quality control audience 


CLOSING “OMMENT 


This review is incomplete, partly because we did not 
know about all the results, and partly because we left 
certain topics out as too large, too well reviewed, o1 
too small. Perhaps someone else will do the job better 


in a few years time 


Diagnosis With Diagrams—Part II” 
LEONARD A. SEDER 


Quality Control Engineer, Gillette Safety Razor Company 


CASE STUDY—GRAPHIC 

ANALYSIS of VARIANCE 
While all of the material cited has 
certainly involved analysis of vari- 
ance in the definitive sense, it has 
not resembled “analysis of variance” its importance 
n the formal statistical sense. The 
latter term envisages the computa- 
tion of certain standard statistical 
measures of variation by means of 
which an elaborate array of data gained by 
may be reduced to a single number 
so as to permit an objective evalua- 
tion. Like the Reader's Digest ver- ous treatment 
sion ol Tolstoy novel, this tech- 
nique has the tremendous advantage 
of conveying the substance of the 
material in such a small package 
that its 


grasped 


significance is 


This benefit of ultra-condensa- 
tion, however, is gained at the ex- 
pense of giving the reader that im- 
portant “feeling for” the novel which 


others have considerable difficulty 
swallowing the pill 

This is not to deny to formal anal- 
ysis of variance its rightful place in ready discussed in the last exam 
the sun nor to deduct one whit from ple 
many situations 
Rather it is to point 
in a case where formal analysis of 
variance would seem to serve the for broach blade design. Following 
needs of the situation, much may be 
undertaking 
mentary graphical analysis or even 
by substituting it for the more rigor- 


unmentioned advantages is the elim- 
ination of the need for special com- the front to the broaching position 
putational training 
actually prepare 
readily The following 
the point. It concerns the accept- 
ance testing before purchase of a 
machine guaranteed by the maker to When the machine was ready to 
perform a certain operation within 


specified tolerances 


sired culmination of the contract 
The machine was one designed to 
broach to size the copper part al 


Because the part involved i 
made of copper, some preliminary 
experimental work was undertaken 
by the maker to establish the basis 


out that, even 


this, the machine was built. It con 
supple- sists of a duplicate pair of broache: 
acting vertically, and a circular in 


dexing feed-table. The table carrie: 


the least of the four pairs of work-stations which 


rotate from the loading position at 


by those who at the rear. By means of cam-ope1 


information ated clamps, the front stations may 


case will illustrate be loaded while the rear ones are 


being broached Figure 14 show “ 
schematic view of the operation 


operate, the customer's quality con 


trol technician was sent to the ven 


The lack of 


can be gotten only from the original mutual authority in such a situation dor’s plant. He made a test run of 
Applied to process diagnosis, the dis- imposes on the customer's repre- 10 pieces—five uccessive piece 
tilling of the data into a single com- sentative both burden and re- from each of the eight work sta- 
pressed tablet sacrifices the oppor- sponsibility to employ a completely tions Each piece Was measured at 


understandable 


tunity to make “subdiagnoses” by 


scrutiny of some of the facets of nication of test 
the data. Moreover, those who must 2 


act on the diagnosis but are unfa- 


method of commu- 
results. The use of ings. A simple histogram (See lower 
sraphic techniques, it will be shown 
accomplished a dual objective: it not 


six positions, thus yielding 240 read 


part of Figure 15) of these reading 
immediately indicated that the ma 


miliat with the distillation process only spared the customer the an- chine was far from capable ot meet 
i.e. the shop foreman, inspectors, op- guish of a tardy discovery of the ing the specified tolerances. Hov 
erators, customers, suppliers and vendor’s shortcomings, but it clearly ever, graphical techniques forced 


illuminated the 


Part I of wu paper wv iblished the ’ 
Ya ry 195 ‘ by the vendo: 
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path to be followed 


arrive at the de- this di couraging nev 


the data to reveal more than merely 








A schematic layout of the data is 
Table I The 
recognize this a 


block 


nown in statistician 


would a multiple 


randomized design and could 


readily break down the total varia- 
tion into these sources 
(1) Between Broaches 
(2) Among Stations within 
sre ail he 
(3) Among Positions withir 
sroach—Stations 
1) Among Readings at a 
Broach Station Position 
These four absorb all the degrees 


of freedom and there is no residual 
the fourth term may 


the basi 


term. However 
he regarded in this case as 
machine capability or random vari- 
terms which 
faults in the 


tested 


ability, and the othe 


result from definite set- 


up of the tooling—-would be 
against it for 
that all 


vhich was 


ignificance. It turned 


out three terms were 


gnificant,” fairly clear 


merely from an inspection of the 
data 

Since all three 
ignificant 
the 


individual 


raw 
ources of variation 
the 
relative 


were next step was 


to learn significance of 
the 
of probability but 
andths of 
to know which one should be tackled 


source not in terms 


n terms of thou- 


an inch. It was necessary 


first and how much of a change must 
be achieved 
Accordingly, two graphic aiis 


were prepared to assist in this ob- 
The first Pictogram 
the total variability and the 
each of the 
This 
mply the computation of the prope 
each of the 
these averages 
Figure 15 


employed 


jective was a 
to show 
relative magnitude of 
contributing sources involved 
terms and 
to- 
The 
the 


practical significance of each source 


averages for 
the placing of 
vether as shown in 


exact method and 


follow S 


vas as 
(1) Broaches. The average of the 
120 readings from each of the 

two broaches. This measures 

the extent to which the two 
broaches are actually alike o1 


the precision with which they 


have been located in their 


holders 


(2) Stations. The averages of the 
30 readings for each of the 
four stations associated with 
each broach were first com- 
puted For each broach, the 
highest and lowest station 
average are shown on graph 

Actually no malysi of variance wa 

needed at the time It was done later ir 
rder to be able to substantiate the above 
stement in tl paper 
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Figure 14 





measure of the ex- 
the individual 
alike in their 
dimensions, specially the di- 
affect thick- 


This 
tent to 


is a 
which 
work-nests are 
mensions which 

ness of the piece 
(3) Positions. The averages of the 

five readings from each posi- 


tion are first computed for 
each of the eight stations. The 
highest and lowest position 


average for the particular sta- 






Inpexing Feep Jose 





Schematic View of Broaching Operation 


tions chosen above were then 
plotted on the graph. This is 
a measure of the success with 


which each station has been 
aligned with its broach 
(4) Machine Accuracy. This is 


estimated by first computing 
the average range of the five 
readings at each position for 
the entire set of data and con- 
verting to standard deviation 
The plotted values are plus 
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Figure 15—Pictogram of First Test on Broaching Machine 
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TABLE I—LAYOUT OF DATA 
A.—LAYOUT FOR EACH STATION 


Position 


A B . D E F 
xX x x xX x x 
xX x x X x x 
Left 
xX x xX x x xX 
Bi Oat h 
x x x x x x 
x x x x x x 
X X X X X X Xx 


B.—LAYOUT FOR COMPLETE TEST 


Station #1 Station #2 Station #3 Station #4 
Left x wr = x x 
Broach . x x _ ‘ 


Right = = Bs 
Broach Xs X X Xi Xs 


individual reading 





x 
X,., Xe ete Average of 5 readings at a given position of a given station 
X ete Average of 30 readings for Station #1. Left Broach 
X etc Average of 30 readings for Station #3. Right Broach 
Xi, Xs Average of 120 readings for Left and Right Broach, respectively 
X Grand Average of 240 Readings 
and minus three standard de- to chance variation, we should not station maladjustments.) The Ma 
viations. This measures the expect them to yield a normal dis- chine Accuracy source, on the other 
chance variation in individual tribution. This is especially true be- hand, does appear to be a chance 
readings to be expected under cause of the small, finite number of phenomenon. Thus, the resulting 
long run conditions broaches and stations. (i.e. the sta- overall variability should be a com 
The philosophy underlying this tion averages, for example, are tak- posite distribution made up of 48 
treatment of the data follows. Since en as indicating the magniture of small individual distributions. To 
the Broach, Station and Position station differences now existing in predict the total process spread 
sources of variation are due to the machine, not as being samples therefore, it is necessary merely to 
definite assignable causes and not from an infinite number of possible locate the averages of the highest 


and lowest of these 48 distributions 
and add plus and minus three stand- 
S7AT/O/7 No. / STATION Mo. 2 STATION No.3 STATION No.4 ard deviations of the Machine Accu 


racy variability. Location of the two 


o s /\ extreme averages by showing the 

co4- f ' \ | magniture of the three sources of 

008 - | \ / } \ \ \ variation responsible for their crea 
3 <| | if tion completes the picture 





~- 





— — — Comparison of the predicted total 
L ) variability of the Pictogram with the 








. — 1 
oe ro histogram of observed readings show: 
— the close agreement attained 
7 It was obvious from observation of 
cos this diagram that Broaches and Posi 
_ \ és / tions were the two largest source 
2 . . 
- \ /\ ) | and should demand first attention 
oo \ \ | rm 
The corrective measure to reduces 








Broach difference was simply a re 






fitting of the broach and _ broach 
holders; the Position effect was mors 
complex, however, and required fur 

ther analysi This led to the prepa- 
ration of the second graphic aid 


Figure 16—P-D Diagrams for Eight Work-Stations hown in Figure 16 
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Here the familiar P-D Diagrams 
are employed to show the exact di- 
rection in which each of the stations 
should be adjusted. When such dia- 
grams were prepared for each of the 
10 pieces (only 24 are shown here be- 
cause of space limitations) and each 
was put in its place in the experi- 
mental layout, the significance of re- 
sults could readily be judged without 
the need for a statistical analysis 
Obvious stratification was seen to 
exist and the following diagnosis 
could be made 

(1) All pieces from stations asso- 

ciated with the left 
show an offside effect; the 
ABC side is thicker than the 
DEF side 


mon to all these stations, it 


br Oat h 


Since this is com- 


probably results from an off- 
center condition on the broach- 
ing blade itself 

(2) The stations associated with 
the right broach do not all 
show the same offside pattern 
hence each station must be in- 
dividually adjusted. Stations 
#3 and #4, for example, re- 
quire “upward” and station #2 
“downward” adjustments (di- 
rections are with respect to 
the patterns of Figure 16; act- 
ual directions are leftward and 
rightward.) 

(3) All diagrams 
thickness at the centers than 
the corners, indicating less re- 
moval of copper by the broach 
in the middle of its stroke than 
at the beginning or end. This 
could be explained by the fact 
that the center section of the 
work-stations had been re- 
lieved, thus permitting elastic 
deformation of the copper un- 
der broaching load. New work- 
seats with unrelieved cente: 

therefore in- 


show greate! 


sections were 
dicated 

(4) All stations, except “#2 Right,” 
yield patterns showing a char- 
acteristic tilt from left to right 
(The AD end is thicker than 
the CF end.) This means that 
the leading end of the piece- 
part with respect to broaching 
direction is thicker than the 

Such a phenom- 

work- 


trailing end 
enon suggested that 
pieces were not securely held 
in place by the clamps but 
were being allowed to “rock” 
Study of 


the timing and action of the 


forward under load 


clamping fingers was there- 
fore indicated 
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Figure 17 


The results of these detailed analy- 
ses, together with the suggested 


actions, were transmitted to the 
broaching machine 
He questioned, as the unitiated well 
might, the ability to extract so many 
conclusions from so few test pieces 
Fortified by the knowledge gained 
however, the 


manufacturer 


from the diagrams, 
customer could confidently insist on 
their validity. Little time was wasted 
in argument, therefore, and the ven- 
dor proceeded with some of the sug- 
gested measures. The results were 
quite apparent when the second test 
run was made a few weeks later 
Substantial improvements in Broach 
and Position effects were clearly evi- 
dent, as shown in Figure 17. (The 
Station and Position vectors have 
begun to overlap in the second run; 
the amount of overlap is shown by 
the dotted line.) 

The total variability was still too 


Pictograms of Later Tests on Broaching Machine 


large, however, with respect to the 
tolerances required. With Broach and 
Position effects now considerably 
shrunk, the Machine Accuracy effect 
loomed as the next target. To this 
end, the design of work-stations and 
clamps was carefully reviewed and 
changes were incorporated to pro- 
vide a closer nesting of the piece in- 
to the holder. This improved ac- 
curacy of piece-positioning led di- 
rectly to the results obtained on Test 
Run #3 

Further diagnoses and actions late: 
yielded Test Run #4, which brought 
the machine sufficiently within sight 
of its specified performance that the 
customer now agreed to accept de- 
livery and seek further improvement 
after installation. He could confi- 
dently expect that few “bugs” would 
have to be “worked out:” for, by 
“diagnosing with diagrams,” he had 
obtained the equivalent of a complete 
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To Reinforce Your Zuality Program 


Whether the part is right or not 
the COST is still there ! 


Write for your “Quality Package” to: 





to you. 


mation. 


Many Society members are using Elliott “Quality 
Displays” in every manufacturing department as 
reminders to employees. 


If you would like to see these displays exactly as 
they are sent to subscribers every week, we'll be 
glad to mail a copy of the last six consecutive issues 


Colorful and attractive, a large 17” x 22” in size, the 
displays are modestly priced. 


Steel display frames are loaned on subscriptions. 


FREE ‘Quality Package’ to Society Members 


1. Copy of new booklet “How to Maintain Qual- 
ity’’ by Glenn Gardiner, Vice President, Forst- 
mann Woolen Company. 


2. Six samples of actual displays—17” x 22”. 
3. Three “Quality” issues of Management Infor- 


4. Complete descriptive folders and prices. 


ELLIOTT SERVICE COMPANY Est.1911 30 N. MACQUESTEN PARKWAY MT. VERNON, N. Y. 





F.B.I. dossier before the “culprit” 


had ever entered his plant 
CONCLUSION 


In conclusion, this paper has tried 
to show that ingenuity in construct- 


ing graphical representations of data 
really does pay off. It is certainly 
not the intent to imply that the par- 
ticular diagrams shown will solve 
everybody's or even anybody’s par- 
ticular problems, although some of 
them are probably broader in scope 


than has yet been explored. The im- 
portant point is that statistical data 
reprecented pictorially may get re 

sults where statistics alone may fail 
To paraphrase the ancient Chinese 
proverb: “One picture in the hand 
is worth two sigmas in the bush.” 


Report of Standards Committee, ASQC 


Submitted November 28, 1949, to Mr. Ralph E. Wareham, President ASQC 


The Standards Committee is 
pleased to submit herewith Proposed 
Standard Definitions and Symbols 
for Control Charts 

In approaching the 
standard definitions and symbols 
such as might be used in the ASQC 
official publication, Industrial Qual- 
ity Control, the Standards Commit- 
tee felt it desirable to consider sepa- 


rately the terms used in different 


subject of 


categories. The first subject chosen 
was Control Charts. The appended 
document covers this 
has met with the unanimous ap- 
of the Stand- 


subject and 


proval of all members 
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a 


ards Committee 

In accordance with its letter of 
instructions, dated October 1, 1947 
from Mr. George D. Edwards, then 
president of ASQC, the Standards 
Committee understands that its 
duties may be summarized as fol- 
lows 

“The Standards 

authorized to study and 


Committee is 

select 
nomen- 
clature, othe 
matters which it feels the Society 
would find advantage in standard- 


those symbols, concepts, 


procedures, and 


izing and to make recommenda- 
tions to the Board of Director 


for such standardization by the 
Society g 
Accordingly, the Standards Com- 
mittee wishes to recommend to the 
3oard of Directors that the proposed 
Standard Definitions and Symbol 
for Control Charts submitted here 
with be standardized by the Ameri 
can Society for Quality Control 
ASQC STANDARDS 
COMMITTEE 
E. L. Grant 
R. E. Wareham 
A. E. R. Westman 
S. S. Wilks 
H. F. Dodge 


Chairman 


HW 








Proposed 


Standard Definitions and Symbols for Control Charts 











TERM SYMBOL DEFINITION 
1. GENERAL TERMS RELATING TO CONTROL 
CHARTS 

Unit One of a number of similar items, objects, individuals, etc 

Variables Measurement of quality by the method of variables consists 
in measuring and recording the numerical magnitude of a 
quality characteristic for each of the units in the group 
under consideration. This involves reading a scale of some 
kind 

Attributes Measurement of quality by the method of attributes con- 


sists in noting the presence or absence of some attribute 
in each of the units in the group under consideration and 
counting how many do or do not possess it. 

The total collection of units from a common source; the 


conceptual total collection of units from a process, such as 
a production process. Also used in the sense of a “universe 


Universe 


of observations.” 


Sample A group of units, taken from a larger collection of units, 
which serves to provide information that can be used as a 
basis for judging the quality of the larger collection, or 
as a basis for action on the larger collection or on the 
production process. Also used in the sense of a “sample 


of observations.” 


Assignable Cause A factor contributing to the variation in quality that it is 
possible to identify. 


Subgroup One of a series of groups of observations obtained by 
subdividing a larger group of observations; alternatively, 
the data obtained from one of a series of samples taken 


from one or more universes. 


Rational Subgroups Subgroups within which variations may for engineering 
reasons be considered to be due to non-assignable chance 
causes only, but between which there may be variations 
due to assignable causes whose presence is considered 
possible. (One of the essential features of the control 
chart method is to break up inspection data into rational 
subgroups. ) 


Statistical Measure A mathematical function of a set of numbers or observa- 
tions. Common statistical measures are the arithmetic 
mean or average, the standard deviation, the range (for 
variables), and the relative frequency (for attributes). 


Control Chart A graphical chart with upper and lower control limits and 
plotted values of some statistical measure for a series of 
samples or subgroups. A central line is shown frequently. 

Control Limits Limits on a control chart which are used as criteria fo1 
action or for judging the significance of variations between 
samples or subgroups 


Central Line A line on a control chart representing the average o1 
expected value of the statistical measure being plotted 


Control Chart— A control chart whose control limits are based on the data 

No standard given of the samples or subgroups for which values are plotted 
on the chart. 

Control Chart— A control chart whose control limits are based on adopted 

Standard given standard values of the statistical measure(s) for which 


values are plotted on the chart. 


Sample Size n The number of units in a sample. Also used in the sense 
of the number of observations in a sample 
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TERM 





2. TERMS RELATING TO CONTROL CHARTS FOR 


VARIABLES 


(a) Statistical Measures 


SYMBOL 


Observed Value or Observation x 
Average x 


(X bar) 


Standard Deviation oO 
(sigma) 
Range R 


(b) Terms Relating to a Sample 


Sample Average xX 
( Zz bat ) 
Sample Standard Deviation ( 
(sigma) 
Sample Range R 


(c) Other Terms 
Average value of X, o 


sigmi 


R | 


X 


Standard Value of X or o an 
(X Dal 


Mma 
Factor for Central Line— ( 
Standard Deviation 
Factor for Central Line— d 
Range 
4STM Manua on Presentation of Data j 

50, Am. Soc. Test. Mat Phila., 1944: a 

ASA 71 Control Chart Method of Contro 

ling Quality During Production, }; 9 Ar 

Std A 1942 
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or R ya oa 
(X double bar, 


R 


i har 


mar) 


a) 


prime 


DEFINITION 





characteristic tor an 


The 
individual unit: 


X X Xs, etc 


measured value of a quality 


specific obse rved value S are de ignated 


The arithmetic mean: the average of a set of n numbers 


Xi, X X 
X X X 


n 


is the sum of the numbers divided by n 


X 


Xi, X 


deviation of the 


The standard deviation of a set of n numbers 
X is the 


numbers from 


root-mean-square (r.m.s.) 


their average 


oO \ (X:-X)* + (X2-X) 
n 


form 


(X.-X) 


ol expressed in a more convenient tor computatior 


purpost ~ 


X X:* 4 X 


0 \ ‘ X 


n numbers is the 
and the 


he tween 
(More 


rence 


difference 
number 


dill 


The range of a set of 


the largest number smallest 


precisely: the absolute value of the algebraic 


between the highest and lowest values ) 
R (largest number) (smallest number) 
The sum of the n observed value in a sample divided by n 


observer 


The 


values ol a 


root-mean-square (r.m.s.) deviation of the 


ample from their average 


The t observed value and the 


difference between the larg« 


smallest observed value in a ample 

The average of the set of ample values of X, o or R under 
consideration. For samples of unequal size, a weighted 
average is used. These values are used in computing 


No Standard Give rn 


control limits for the case 


The value of X or o adopted tandard for computing 


control limits for the cast Standard Given (These 
ymbols are also used to designate the true or objective 
value of X or o of the universe ampled. ) 

A facto! Varying with sample ize on tnat eq ial t tne 
ratio of the expected value of lo i! ple ol size nt trie 
o of the universe sampled; « 0 (Published f 
are for a Normal universe.) 

A facto Varying with ample 7e n, that equal to the 
ratio of the expected value of R lo i pie 74 1 
the o of the universe sampled; d R (Pub ee 
value are tor a Norma! nive ©. 5 

The expected tandard ae if ! | i ‘ ’ R 
lo! ample 1! nap I lia I ( ( 








TERM SYMBOL DEFINITION 








3. TERMS RELATING TO CONTROL CHARTS FOR 
ATTRIBUTES 


(a) Statistical Measures 


Relative frequency, proportion p The ratio of the number of “events” to the number of 
trials” under consideration, where only one “event” can 
occur per “trial.” An “event” may be any kind of occur- 
rence, a failure, a defective condition, etc. and a “trial 


ile instance of observing whether the event 


present or absent 
rr T} ’ } t nt a} ‘ 1 
p nu 1 oO é é ts where oni me event can occul 
pe ul il 
’ Ihe ratio of the number of events to the number of trials 


inder consideration, where many events can occur pet 


trial, and a trial is a unit area ol opportunity tor occur- 
rence of the event. An example is number of pin holes 


per square foot; an event is the occurrence of a pinhole a 
trial is the examination of one unit of area (1 Sq. It.), and 


the number of trials is the number of units of area (num- 


ber of square feet) under consideratior 
( The number of events, where many events can occu! pel 
trial (Se explar ation accompanying definition of sym- 
bol u ) 
(b) Terms Relating to a Sample 
Note The following terms relate to events commonly called “defects” and 
defective rn quality control work Other term icn i failure 
break ete an be ibstituted as nece ary 
Defect A failure to meet a requirement imposed on a unit with 
respect to a single quality characteristic; also an irregular- 
t in material, surface finish, ete 
A Defective A defective unit: one containing one or more defects with 
respect to the quality characteristic (s) under considera- 
tion 
Sample Fraction Defective p The ratio of the number of defective units in a sample to 
the total number of units in the sample; the number of 
defectives in a sample of n units divided by n. Sometimes 
referred to as the sample “proportion defective.” 
Sample Number of Defectives pn The number of defectives in a sample of n units 
Sample Defects per Unit u The number of defects in a sample of n units divided by 
n: u c/n 
Sample Number of Defects ( The number of defects in a sample of n units 
(c) Other Terms 
Average Value of p, pn ior < The average of the set of sample \ ili es oI p pn, u, or 
} , ‘ 
| Values of pn and ¢ may be computed for samples of equal 
pn size only. For a set of samples of unequal size, p and @ 
are weighted ave rages, usually obtained as follows p 1s 
! the total number of defective units found in the set of 
samples divided by the total number of units in the set 
‘ 
i is the total number of defects in the set divided by the 
total number of units in the set 
These ilues are used in computing control limits fo: 
tne case No Standard Given.” 
Standard Value of p, pn, u, or « p The value of p, pn, u, or c adopted as a standard for 
p'n computing control limits for the case “Standard Given.’ 
u (These symbols are also used to designate the true o7 
( mre Live value ot p.pn l, or c tor the iniverse san pled ) 
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TERM SYMBOL DEFINITION 











o The expec ted standard deviation of values of p, pn, u, or ¢ 


0 for samples from a particular universe 


oO o p(l-p)/n ory p(l-p’)/n 


\ 
\ pn(l-p) ory pni(l-p) 
\ u/n OFY u/n 

\ 


( ory ( 





Comments: The Standards Committee suggests that Where a distinction is desired, it is suggested that 
the above list of te rms, definitions, and symbols relating the following symbols be used 
to control charts be adopted as standard for ASQC X’. o' etc. —universe values 
purposes in order to conform with ASA and ASTM 7? «” ote —stemderd values 
standards and with current usage in the quality control 
field. It further suggests that the following two depart- (b) For o \ >I X-X)* substitute \ ~(X-X) 
ures from the standard be authorized as optional, the n n-1 


first offering some convenience in mathematical dis- and for cs substitute « where ec ( n/ (n-1) 
cussions in the control chart field, the second providing and n is the sample size. To avoid confusion be 
in alternative system of terms, definitions and symbols tween o and s, the latter is to be called the “specific 
for the control chart for standard deviations which may deviation,” a new term now introduced for thi 
ippeal to members of the Society familiar with the purpose 
concepts of analysis of variance. Should either of these 
departures from standard gain wide acceptance, they Note: “Specific deviation” might be considered a 
could be considered when a revision of the standard is short for “root specific squared deviation” 
in orde where “specific” might quite generally im 
(a) The standard uses the same symbol, for example ply division by the number of degre ol 
X', for both a standard value and a universe value freedom 


The Convention Takes Shape 


Meet me in Milwaukee” on June win G. Olds, Carnegie Institute ol concurrently are planned. In thi 
l and 2. 1950. at the Fourth Annual Technology, are particularly de- way a person can select that pal 
Convention and the Fifth Midwest signed to give executives and per- ticular session which will be of the 
Conference of the American Society sons in a supervisory capacity a con- greatest immediate help to him. Pe: 
for Quality Control is the desire of cise exposition of the philosophy ons who are well known through 
executives, production people, su- and _ principles basic to Statistical out the United States and Canada 
pervisors, inspectors, sales repre- Quality Control. In addition, the for their successful applications and 
sentatives, purchasing agents and educational sessions will be very technical knowledge have been in 
other industrial personnel inter- valuable to operators, foremen, and vited to participate. A wide cove 
ested in Statistical Quality Control persons 1n clerical operations who age has been attained in view of the 
In order to provide adequate facili- have little or no knowledge of this fact that Messrs. Warren R. Purcell 
ties, the Milwaukee Auditorium has modern scientific development, as Sylvania Electric Product: Ine 
been reserved well as to those who would welcom«e Salem Massachusett and Stanley 
The Planning Committee. unde: a review of the broad aspects of C. Amren, United States Time Cor 
the le adership of its Chairman. Mr Statistical Quality Control! its aim poration Waterbury Connecticut 
R. S. Saddoris. Director of Quality and its purposes This is an ambitious from the east, and Professor Eugene 
A. O. Smith C rporation Milwaukee program and Dr. Olds has for his in- L. Grant, Stanford Unive: ity. trom 
Wisconsin. ha plat ned a most out- tructional staff Professors Irving W the west, have accepted invitation 
standing program—one which pro- Burt Purdue University, C. C to speak 
vides everyone in attendance some- Craig, University of Michigan, John A series of demonstrations in con 
thing to take home It is expected A. Henry, University of Illinois, and nection with an array of exhibit 
that this program will fully match Dr. Carl E. Noble, Kimberly-Clark omewhat of an innovation at a na 
the excellent programs of forme: Corporation Each person on thi tional convention of ASQC. Sta 
conterence yutstanding staff has had much ex- tistical Quality Control at Worl 
Plar . ities a ' perience in ich sessions and _ in Arrangements are being made for 
least tnree main attractions the training Pp ——- It may be oe 7 eacn person at the conterence to 
educational sessions the clinical ary to | mit the attendance at th ee tnis phase 
sia oe nd ets Renee educational s¢ ion to 400 perso! - ; 
mn an a series of demon a- In addition to the vgeneral session 
tic n connection with a large ar- The clinical sessior will be pat- members of ASQC will want to at 
ray of worthwhile exhibits terned after the successful arrange- tend the annual dinner meeting of 
The ed icational sessions unde: nent at previou q lality control tne Society on Thur day evening 
the Chairmanship of Professor Ed- conference Two sessions running June 1, 1950 
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ar 


No one will want to miss the 
June 2nd. An 


vorld’'s largest 


luncheon on Friday 
officer ot ome of the 


companies will speak. It is expected 
that manv busine and industrial 
executive who mav be unable to 


be present at other sessions will find 
time to attend this and the Friday 
afternoon sessions 

Quality Control personnel should 
make definite 
this convention, to invite and ar- 


plans now to attend 


executives, supervisors, 


range for 
operators, and others within their 
us in Mil- 
waukee,” June 1 and 2, 1950 


organization to “meet 


The Quality Control Indicator 


R. C. MILES 


Refrigerator Quality Control Division 


General Electric Company, Erie, Pennsylvania 


I, IS A WELL-KNOWN FACT that the 
nanulacture ol a complicated as- 


embly ol 


flaw can be found is virtually 


mechani m in which no 


minor 
mpossible and extremely expensive 
The best that can be attained is to 


in statistical 


operat the proce 


control at all times at a quality level 
vhich is regulated by the quality 
requirements ol the customer and 
crap and rework of de- 
Quality 


no-go” 


the cost ol 
fective part or assembly 
characteristic of the “go 
type may be analyzed automatically 
and continuously by the Quality 
Control Indicator a signal is given 
the instant a characteristic is statis 
tically out-of-control 

The Quality Control Indicator will 
be found useful and profitable in an 
extremely large number of applica- 
tions throughout industry Any 
manufacturer who inspects his prod- 
uct either in part or in whole to 
determine whether the part or as- 
embly is good or bad has an appli- 
cation for the device. At present it 
produe¢ ing 


limited to processes 


10 rejects or less, because it is felt 





Typical control chart for 
a quality § characteristic 
with a process average of 
1°. Points above the up- 
per control limit signal 
the presence of manufac- 
turing troubles. 


16 


that any which produces 


over 10° defects is in need of basic 


pros ess 


changes, not quality control! 


DISADVANTAGES OF MANUAL 
PLOTTING OF CONTROL 
CHARTS 


The extent to which it will be 
practical to use control chart meth- 
ods will be dictated by the cost of 
keeping control charts as compared 
to the Savings accomplished by re- 
There 


are three principal disadvantages to 


ducing the percent defective 


the use of the control chart methods 
1. Ideally 


made and analyzed each time a re- 


calculations should be 


ject occurs. In most manufacturing 
operations this procedure will be 
found impractical from a manpower 
standpoint, and the best that can be 
obtained will be an analysis of each 
characteristic at the end of a period 
of time, usually a day or a shift 
This delay in determining percent- 
ages which will fall outside control 
limits allows unnecessary rejects to 
be built before the out-of-control 
condition is known and action is 
taken to find and correct the trouble 

2. The actual trouble may have 
corrected itself by the time the out- 
of-control condition is known and 
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Figure 2—Variation of upper control 
limit on a p chart with 
changes in sample size 
for 1% process average. 


no evidence of its existence will be 
available investigation. Ex- 
perience has shown that troubles of 
this sort will occur again in the near 
future unless they are found and 


corrective action taken to prevent 


upon 


further occurrences 

3. Manpower is needed to collect 
data and analyze the percent rejects 
found to determine whether or not 
the process is in control 


BASIS OF AUTOMATIC 
CONTROL CHARTS 

The problem of applying control 
chart methods to a large number of 
quality characteristics led to the 
building of the Quality Control In- 
dicator, which performs automati- 
cally and continuously the principal 
functions of control charts of the 
type shown in Figure 1. The reject 
production ratio is analyzed each 
time a reject occurs and a signal is 
given when the upper control limit 

is exceeded 
Unfortunately, 
tion ratio applying to the upper con- 


the reject produc- 


trol limit is not a direct ratio. Fig- 
ure 2 shows the relation of the uppe 
control limit (in percent defective) 
to production for a process average 
of 1%. It will be noted that the 
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ARE SEPECTED-m AMOREDA 
Figure 3—Variation of upper control 
limit on a pn chart with 
changes in sample size 
for 1% process average. 
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curve provides the basic information 
needed for the design of the Quality 
Control Indicato) The step curve 
in Figure 3 is drawn to provide a 
working basis since only whole re 
jects are dealt with 

It should be noted that the curve 
shown in Figure 3 are calculated 
the 


} 


and plotted for only a 1 level 
Quality Control Indicator is designed 
to follow any similar curve betwee 
0 and 10% 


ELECTRO-MECHANICAL 
CONSTRUCTION 

The Quality Control Indicato 
pictured in Figure 4. It has two basi 
parts; the Totalizer, which count 
the number of inspected parts o1 
production, and the Characteristi 
Analyzer, which counts the numbe 
of rejects for one quality characte 
istic and relates that number to the 
upper control limit for the produc 
tion at that time as indicated by the 
Totalizer. The counting is accom 
plished by means of solenoid oper 
ated rotary stepping relay The 
Totalizer solenoid i impulsed by 
closing a set of contacts each time 
unit 1s inspected the Characteristi 
Analyzer solenoid is impulsed by 
closing another set of contacts each 
time a reject is found 

The counting operation of — the 
tepping relays is both mechanical 
and electrical. A numbered dial at 
tached to the haft of the relay 
hows the count of unit in pected 
through an escutcheon on the front 
panel of the Totalizer; the count 
reject l hown by a imilar a 
rangement on each Characteristi 


Analyze Figure 5 show the Ele 


trical circuits chematically The 
circuit between the tepping relay 
contacts operat as a voltage divid 


el A voltage applied to the end 


contact of each tepping relay 
divided by means of resistors wired 
n serie to all stationary contact 


The rotary contact A and B will 
pick off a different voltage at each 
tep The voltage between A and 


(-)d.c. is di ded by a potentiomete! 


to provide an adju tment ol q ialit 
le vel hetween 0 and 10”, The volt 
ge at the movable contact C on the 
quality le vel pot ntiomete! ce 
pared with tne Voltage at B mply 
DY measuring tne current which 
flow between B ana th The mete! 
chosen to measure the irrent fl 
ng between B and C a rugged 
ly pe I vh nm thre needle tand 
d-scale nen no ¢ rent pre 
ent (equa oltage it B and C) 
If the ( we B « eeds that a 








CC. current flows through the mete: 
n one direction and the needle de- 
flects to the right in 


the voltage difference 
» 


The prope! re tance 


Vaiues alt 


elected for the oltage dividers and 


ne level potentiomete! o that the 
nete! needle will be at mid-scals 
vhen the reject/production ratio, a 


eflected ny the tepp! 


pping relay 
n the upper control limit. If the 
ipper control limit exceeded, the 
neter needle deflects to the right 


nie the red half ol the 


scale if 
proportion to the amount the con 
trol limit is « 


produc tior 


xceeded: if the reject 
ratio is below the uppe! 
needle deflects to 
the left into the green half of the 


‘ ale 


control limit, the 


Since the mete! here discussed 
hows the reject production ratio at 


all time t mav be rightly called a 
Quality Meter A vertical line at 


mid cal labeled 


Upper Control 


Limit The red area to the right ol 
rT id cale signal: the presence o! 
trouble which needs attention, while 


the green area to the left of mid 
normal conditions In 
needle will tart at 


when the reset button i 


cale indicate 
operation the 
mid-seale 

pushed (at 


progre to the left in small incre- 


tart ol production ) and 


ments with production count fed to 
the Totalize When rejects occul 
the needle moves in large increments 
to the right so that there will neve 
doubt a to whether the 


above or below the uppe1 


he any 
nee dl 


control limit 


EPIDEMIC CONTROL 
The question of controlling epi- 
demi which may ccur near the 
end of a shift has been tix 
for many discussions, relative to the 
deal Quality Contro! Indicator. Fo 
example it 


subje { 


would be pos ible to 
have a process which produced fai 
if reject than the upper! control 
perhap the first 


With this con 


number of 


limit i! OW lor 
1,600 units produced 
dition a large reject 
vould be required to exceed the 
upper control limit, and, if those re- 
jects did occur, a te porary out-ol- 
control condition could exist with- 


ng the needle of the Quality 


Mets te exceed the upper control 
| ; 
itt rie 


Ir Live light of practical exper! 


ence, the epidemic control problen 
ha Hpecornse relatively minol lo! 
three reason First ich cast 


vould happen only rarely; a year's 
experience with the Quality Control 
' 


Indicato revealed no need for an 
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proportion to 





iN INSTALLATION OF QUALITY CONTROL INDICA 


TORS FOR CONTROLLING 


2, QUALITY CHARACTER 


ISTICS ON 4 PRODUCTION LINES 


; 


epidemi control Second. the wors 
would be 


the occurrence of a percent defec- 


condition that could exist 
tive near the 1 pper control limit for 
the operating period (day shift 
ete ) 


dicated since the maximum number 


No real basis for alarm is in- 


of defectives allowed is still con- 
trolled. Third, if the Quality Mete: 

observed, the needle will be seen 
rapidly toward the red 
A trained ob- 


erver will investigate such a case 


to advam e 


during the epidemic 


SUMMARY OF FEATURES 

The Quality Control Indicator has 
the following features 

] Two models are available and 
nterchangeable. The first operates 
at any quality level between 0 and 
l the 
level between 0 and 10 
Level may be set readily by a con- 
trol knob on the front panel of each 
Characteristic Analyzet 

2. A total production of 2,000 units 


can be analyzed without resetting 


second operates at any 


quality 


3. A process out-of-control condi- 
tion is indicated when the needle on 
the Quality Meter is at mid-scale or 
n the red portion 

1. The 
within one reject of the true 
all times 


5. From one to ten Characteristic 


indicator 


able number at 


Analyze rs may be isea 
Totalize 

6. A reset button is prov ided on 
each Totaliz to zero that unit and 
all attached Characteristic Analyze: 


‘ 


units at any time. For example, a 
the end of a day, shift, et 

7. An accurate count of total units 
produced is indicated on the front 
pane! of the Totalize1 

8. A count of 
quality characteristi s available at 
the front pane! of each 
istic Analyze1 

y The counters are 


the stepping relays and are auto- 


attached to 


matically zeroed when the device 


reset 

10. The Totalizer cabinet is 12 
7 x 6 the Characteris ( Analyze 
cabinet is 6” x 8" x 5 These cabi- 
net sizes were chosen to provid 


ease of stacking and a neat appear- 
ing installatior 

11 The requiread power s ipply 
110 volts a.c. or du. 


INSTALLATION IN THE 
FACTORY 


The method of installing indicato 
I the at T | il Vitn tne 
nature i d nu m cnaracte 
tics to he ( ntrolle | Ir vene al t 


will be necessary to have one Total- 


zer for each conveyor or productior 
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Typical switch box used 

by inspector to energize 

appropriate Characteristic 

Analyzer solenoid when a 
reject occurs. 


— 
yo 


line and one Characteristic Analyze 
associated with each Totalizer for 
each quality characteristic to be 
controlled. The unit type construc- 
tion was decided upon to make it 
possible to install the exact numbet 
of Characteristic Analyzers needed 
with each Totalizer. The necessary 
wiring between units is accom- 
plished by plug-in cables at rear of 
cabinets 

Figure 4 shows the units needed 
to control two quality character- 
istics, which apply to one part o1 
assembly produced on one produc- 
tion line. The location of the Char- 
Analyzers is very impor- 
tant; the Quality Meters will serve 


their purpose best if they can be 


acteristi 


obst rved easily 
In the ideal installation, the count 
ol production will be 


the Tota 


which close automatically each time 


supplied to 





izer by a set of contacts 


LJ 
a part or assembly enters an inspec- 


? ? 


ion station If the inspection 1s 


automatic a similar arrangement 


can be used to supply the count of 


rejects to each Characteristic Ana- 


1] 
LVZel 





Snap action switches are employed 
where manual counting is used; this 
eliminates the possibility of the op- 
eratol making a double count Fig- 
ure 6 shows a typical reject switch 
box which is used at an inspection 
station. Ten quality characteristics 
are checked at this point and the 
appropriate switch button is pushed 


each time a reject is found. 


THE CONTROL OF QUALITY 


Once the Totalizer units and Char- 


acteristic Analyzers are _ installed, 
together with the necessary equip- 
ment to feed in units produced and 
rejects found, the control of quality 


Each Charac- 


teristic Analyzer is set to operate at 


is greatly simplified 


the quality level which applies and 
the Quality Control Indicator be- 
comes the watch-dog over quality 
Each Quality Meter shows continu- 
ously the quality story for that char- 
acteristic. Normally, there would be 
no need for investigation as long as 
the needle is to the left of mid- 
Should a 
needle move into the red portion, an 


scale in the green area 


immediate investigation is made 


It is possible also to observe rela- 
tive quality by noting the deflection 
of the needles A needle which is 
far to the left end of the scale indi- 
cates very good quality; a needle 


M hic h is 


indicates a 


shifting towards mid-scale 
possible epidemic of 
trouble, and, of course, the farthe 
the needle moves into the red the 
worse the trouble is 

The convenience of the counters 
is particularly noticeable. The pro- 
duction figures together with the 
counts of various rejects are read 
directly at the control station, rathe 
than frora various counters on the 
line and inspectors tally sheets. The 
keeping of records is thereby greatly 
simplified 

Experience to date with the Qual- 
ity Control Indicator has shown that 
in virtually all cases of an out-of- 
] 


control indication, the cause Was 


found at that time and corrective 


Total percent rejects for 
5 quality characteristics 
before and after installa- 
tion of Quality Control 
Indicator. First day of 
controlled operation was 
October 16, 1948. 


Figure 7 


action was taken immediately. The 
results of the first installation of a 
Quality Control Indicator: 


ported in Figure 7. Five quality 


are re 


characteristics were controlled A 
reduction in percent rejects was no- 
ticeable from the start. The percent 


rejects declined steadily until it 
stabilized at an average process level 
which was approximately 40° of the 
The reduction 


in rejects was brought about solely 


level previously held 


through the combination of out-of 
control signals from the indicator 
and corrective action by the manu- 
The quality 


control engineers adopted a “hand; 


facturing supervisors 


off” policy as soon as the installation 
was complete 

The following points summarize 
the advantages obtained by using 
the Quality Control Indicato 


1. The device is invaluable to fac 
tory supervision because it provide 
automatically a running record of 
quality and points out troubles at 
the earliest possible moment 

2. Guess-work is eliminated and 
upervisors’ time for trouble-shoot 
ing is utilized with high efficienc) 
3. The percent of rejects i 
thereby 


product quality and materially re 


mark 
edly reduced improving 


duc ings scrap and re WOrkK CXpense 
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A Simple Calculator for 
Averages and Ranges 


A. R. BURGESS 


Agricultural and Mechanical College of Texas 


I. MAKING a control chart for vari- 
ables, it is necessary to compute the 
average and the range of samples 
taken from the production process 
These calculations are, of course, 
very simple, but when they must be 
performed repeatedly, they are time 
consuming and subject to the per- 
sonal error common to all arithmetic 
operations 
There are, however, two charac- 
control 
make 
practical another approach to this 
problem. The first of these is the 
fact that the sample size used is very 
often either 4 or 5 pieces, since these 


teristic features of most 


charts for variables which 


two choices strike a nice balance 
between amount of inspection and 
value of the information obtained in 
the sample. The other feature is 
that the variation in the observed 
property being charted is usually 
small, occurring generally in the 
last two digits only 

It will be recalled that if a variable 
X has the values X:, Xe, X Xa, 
the average of this series of n values 
of X can be readily obtained by 
assuming some arbitrary value X 


and then using the relationship X 
he T Die X.)/n. If the variation 
in X is relatively small, it is possible 
to choose X» so that all of the devia- 
tions X X. will be small, and 
summing them is a simple matter. 
In some cases it is easy to do this 
mentally, especially if X X. is 
seldom over ten 

However, it may be more con- 
venient to perform these additions 
mechanically, since they are usually 
confined to relatively small devia- 
tions. A simple way of accomplish- 
ing such mechanical addition is to 
employ a circular disk with uni- 
formly spaced pertorations near its 
outer edge. If such a_ perforated 
disk is placed on top of a slightly 
larger disk having numbers spaced 
the same as the perforations, and a 
pivot put in the center, we have a 
simple “gadget” for summing the 
X X. deviations, without actually 
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Mie Q.C. QUICKIE CALCULATOR 
ff 6 <° ———— FOR COMPUTING AVERAGES AND RANGES 
oH Directions For Use 


To COMPUTE THE AVERAGE OF A SAMPLE OF 4 OR 5 
NUMBERS, SET POINTER OPPOSITE THE DECIMAL NUMBER 4 
OM OUTER SCALE WHICH IS NEAREST TO THE ASSUMED 


AVERAGE OF THE LAST Two 
orgiTs HOLo THE Tas FIRM $ 
AGAINST OUTER SCALE, AND 
WITH PENCIL BRING 9@ ON 
ROTOR HOME TO POINTER. » 
INSERT PENCIL IN ROTOR HOLE t 
OPPOSITE FIRST NUMBER IN THE 
SAMPLE ANO BRING PENCIL 
FOR REMAINING NUMBERS 





x 
£ + 


i TO iwoex Repeat 4 
EAD IN PROPER WINDOW 
OPPOSITE ARROW THE AMOUNT TO BE ADDED TO THE 
DECIMAL NUMBER TO GET THE TRUE AVERAGE SIZE 
2 TO GET RANGE, SET @@ ON ROTOR OPPOSITE 
7 SMALLEST NUMBER IN SAMPLE, READ ON OUTER 
SCALE OPPOSITE LARGEST NUMBER IN SAMPLE 
ON OUTER SCALE, READ RANGE ON ROTOR SCALE 


PRODUCT OF 


COLLEGE STATION, TEXAS 













SAMPLE 













Figure 1 


having to compute them 

One more step makes the device 
especially adapted to control chart 
work. If n is likely to be either 4 or 
5, then we can put concentric scales 
on the rotating perforated disk 
which will be one-fourth and one- 
fifth respectively of the scale of the 
perforations, and this will divide 
Y(X X.) by n to give the amount 
to be added to X. to get the true X 
for the sample 

Figure 1 shows a simple calculato: 
based on the above approach. The 
outside scale of this calculator is on 
the bottom disk, which is numbered 
from 0 to 100 twice around its perim- 
eter, making a total of 200 numbers 
200 is chosen as the practical upper 
limit because the size of the numbers 
and the space between them would 
make a prohibitively large device if 
more were used. It is also used as 
the lower limit because it is desir- 


able to have a number which is 
divisible by 4, 5, and 10, so that the 
inner scales come out even 

Since it is necessary to have some 
way of stopping the rotation of the 
perforated rotor at the chosen value 
of X., an index plate is provided 
which has a small slot cut in it. In 
use, this slot is set at the chosen 
value of X., and since the index 
plate with its slot lies under the 
rotor, it follows that when a pencil 
is placed in one of the perforations 
and the rotor turned with it, the 
pencil point drops down in the slot 
at X.. 

Finally, there must be some means 
of reading the position of the rotor 
especially on the inner divisor scales 
after the summation has been made 
so a cover plate is provided which 
carries arrows to point to the inner 
This cover plate is tied in to 
the index plate, and moves with it 


scales 
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when the latter is being set at Xe. 
To use the calculator. we proceed 


as follows 


1. The outer scale is held and the 
index plate slot is set at X., which 
for convenience is taken as a numbe) 
ending in 0, preferably just slightly 


less than the estimated average 

2. The rotor is zeroed by bringing 
the ee to the slot with the point of 
a pencil 

3. A pencil is placed in the rotor 
perforation opposite the first value 
of X, read on the outer scale, and the 
rotor turned with the pencil until the 
pencil point is stopped by the slot 
This is repeated for the other values 
of X. 

4. In the appropriate window, read 
the amount to add to X.» to get X 


If the assumed value of X. was 
not more than 10 units less than the 


true X, 
is added directly 
the illustration of the 
shown in Figure 1, the answer would 
be read as 33.4 if the sample size 
since the slot in the 


the amount in the window 
For example, in 
calculator 


had been 5, 
index is set at an X.» of 30, and the 
arrow points to 3.4 in the window 
for that sample size. If the estimate 
was not that close, there is shown 
in the window that another 10 must 
be added, or perhaps 10 or 20 sub- 
tracted if the estimate was high. If 
the original estimate was too wild, 
then the capacity of the device has 
been exceeded in that the }(X 

X.) result may be more than one- 
half revolution of the rotor, i.e., 100 
units, and an extra revolution of the 
rotor will give a misleading answe1 
This is not a serious problem, since 


it is no trick to estimate X. within 


plus or minus 20 units when the 
variation is only in the last two 
digits 

If the calculator is used on the 


same variable repeatedly, it is sel- 
dom necessary to reset the value of 
X., which of course facilitates its 
operation 

Although this device is designed 
primarily for the calculation of aver- 
ages of samples of 4 or 5, a number 
of other things can be done with it 
For example, it can be used to get 
the average of any series of numbers 
that vary only in the last two digits 
if one is willing to perform the 
slight extra chore of dividing the 
Y(X X.) by n. To show the value 
of S(X X.), a scale has been put 
on the rotor reading from plus 100 
to minus 100 on either side of the ee 
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with 
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THERMOLATOR 


A growing number of injection molders are hewing 
to the line of dimensional limitations . . . the elimi- 
nation of strains and defects .. . by controlling mold 
temperatures with THERMOLATOR, 


THERMOLATOR is the Finest Device Obtainable 
for Temperature Control of Both Mold Faces! 


@ THERMOLATOR adds heat or drains it 


away from either half of the mold. 


@ THERMOLATOR 
tures accurately within the small tempera- 
ture range which permits quantity production 
at highest standard of quality, when molds 
are properly designed with water lines. 


Your Inquiry will be Welcome. Write to: 


INDUSTRIAL MANUFACTURING Corp. 


Specialists in Design and Manufacture of Equipment for 


Temperature Control 


mold 


holds 


tem pera- 


Indianapolis 4, Indiana 








origin. A typical application of thi 
sort of problem is the calculation of 
R for a series of samples, and of X 

The calculator is made of a plastic 
material, and measures 634” in diam- 
eter. It works best with an automatic 
pencil using a standard thickness, 
medium lead. A set of instructions 
more complete than those on the face 
of the calculator, is being prepared 
which will also describe a variety of 
other calculations that may be made 
with it 


It is believed that thi 


be of considerable help to the in 


dividual who has a great many 
points to plot on the control chart 
for averages. Furthermore, since one 
of the chief objections frequently 
raised against the installation of a 
control chart on a job ] the com- 


plaint about time wasted in non- 


productive” figuring and recording 
it is hoped that this de 


the quality control engineer in in 


vice may help 


troducing control methods by mini- 


mizing the amount of arithmetic to 
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The Pocket Comparator 


A New Measuring Instrument 


DESCRIPTION 

The Pocket Comparator is a high- 
precision optical measuring instru- 
ment for the inspection of small 
parts or small dimensions on large 
part It fulfills the long-standing 
and widespread need for a mul- 
ti- purpose inspection instrument 
Heretofore it ha always been 
necessary to use a different device 


for checking linear measurements 


cirel angle radii, et Now at 
last, there ji one instrument that 
periorm all f these inspection 
functions. The Pocket Comparator is 


not only a new instrument, but en 

bodies a new principle by permit- 
ting the user to compare through a 
magnifying len the part to be 
checked against a finely calibrated 


pattern or reticle The lens is a 


triplet design aplanati« Ly pe of great 
accuracy and has a magnification of 


approximately 7 to 1. The instru- 
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ment was developed and is manu- for adjustment of focal length to 
factured by Bell and Howell Com- meet the eye requirements of the 
pany and is distributed by National individual using the instrument 
Tool Company, Cleveland, Ohio Transparent, plastic material is 
The reticle of the Pocket Compar- used between lens and reticle to 
ator is calibrated for measuring permit the entrance of light on the 
lengths, widths, complete circles reticle and work to be measured 
radii and angles. The upper part of APPLICATIONS 
the reticle has lengths graduated Although the instrument is brand 
in steps of Mia", 442", ea", 2", 14", Me’ new to industry, Bell and Howell, 
and %4". There is also a linear rule manufacturer of the Pocket Com- 
of 4%” with .005” increments, and a parator, has been using it extensive- 
10 mm linear rule with .2 mm incre- ly for five years. Consequently, it 
ments. Circles are shown graduated has been thoroughly tested in the 
from .002” to .050” diameter and from following applications. 
us” to ie" diameter. The lower half Tool Room Use: 
of the reticle is patterned to measure For checking forms and sizes of 
angles between 0 and 90 degrees in punches and dies 
steps of 5 degrees, and to measure For checking gauges, templates 
radii from “e" to % and layouts 
The Pocket Comparator separates For checking the forms and di- 
in the middle for two purposes: the mensions of all types of cutting tools 
first is to permit cleaning the inte- For checking the amount of wear 
rior optical surfaces; the second, on the cutting edges of all types of 
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cutting tools, punches, etc 

For checking the ground form on 
conventional tool bits 

For checking the form on circula: 
and flat form tools 

For checking the size of small 
holes, fine threads and wires 


Production Checking: 


The Pocket 


used for 


Comparator can be 


checking radii, angles. 


chamfers, threads, small holes, lin- 


eal, radial and tangent dimensions. 


odd shapes, etc. on machined, 
stamped or cast production parts 
In many cases parts can now he 


checked on the production line 
rather than being taken to large sta- 
machines, thus 


tionary inspection 


saving handling time 


A New Slide 


A NEW slide rule for SQC calcu- 
designed* and is 
This 


scales ordinarily found on a log log 


lations has been 


now available rule has all 


slide rule. In addition it has scales 
for the constants used in calculations 
of limits for charts for measurements 
and for percent defective, as well as 
areas of the 


These special scales aid in 


ordinates and normal 
curve 
calculation of the following 
Ii—Control limits for charts for 
measurements, 


Constants for charts for measure- 


ments include those to calculate 


limits for averages, ranges, stand- 

















The Pocket Comparator can also 
be used for the establishment of 
standards and the inspection of bub- 
bles, holes, other 


flaws in die castings, plastic molded 


blow cracks ol 


parts, glass parts, and others such 
as lenses or jewels 


General Use: 

The Pocket 
been used as yet except by Bell and 
Howell, but 
ceptance in many 
fields. Some 


are 


Comparator has not 


should find 
totally 
suggested applications 


ready ac- 
unrelated 


Jewelry manufacturers, in checking 

jewels, size, grade, form, flaws, etc 
General inspection use, for engrav- 
ers, type founders, etc 


Die casting and plastic molding 


Rule for SQC 


and individual val- 
included to find 


ard deviations 
ues. Scales are 
3 sigma values and for k sigma 
values if some number other than 
3 is desired. These constants are 
equivalent to a table such as that 
found in American Standards As- 


sociation, Z 1.3-1942. The 


are arranged so that the constant 


scales 


are in convenient position to mul- 
tiply by the appropriate quantities 
Scales are 
population standard deviation from 
standard 


included to estimate 
average range or average 


devitaion of samples 


2—Control limits for chart for per- 
cent defective. 
used to find 


One scale is limits 


Fo: printers and artists 
For metallurgists, chemists and gen- 


eral laboratory work 


For textile work and paper manu 
facturing, for checking grades and 
flaws 

For abrasive work, to check grain 


size and shape 


For ve neral use in home work hop 


The accompanying photograph 
shows 
A The Por ket Comparato) 


new multi-purpose inspec 
tion instrument 

B. The reticle o1 pattern of the 
Por ket 
cally 


Comparator is opti 
polished crown gla 
hard enough to stand yea 


of normal usage 


Caleulations 


charts. The amount to be added to 
and subtracted from the central 
value for 3 sigma limit found 
by one setting of the rule. Fron 


this value, limits for pn charts o1 


for k sigma limits may be found 


3—Ordinates and areas of the normal 
curve, 

Another set of scal is used to find 

ordinate for the nor 

mal curve These 

lated to the log log scale o that 


areas and 
cale are re 
near two or three standard devia 
tions from the mean, four or five 
decimal places may be read 


Most ol 


control can be olved by 


the problem arising in 
quality 


means of this rule, and since it in 




















The quality control features of this instru 
ee ee tee wan ee Bom for percent defective and related cludes the constants needed and val 
reo) y 5 fae LIMITS FOR AVERAGES oe i O \ 
SO » & ~—_ IIMITS FOR RANGES 90001) LLOO 
~ - m LIMITS FOR PERCENT DEFECTIVE —> a “4” O 
r s 
OF ere 7 
CF AREAS FOR NORMAL CURVES . 
REA m ee F 
at woe d, ESTIMATE OF POPULATION Ny .- oT 
, 9 STANDARD DEVIATION 90, aor 
ansriea 0, ™~ LIMITS FOR INDIVIDUAL VALUES a « 
os ‘‘ko’’ LIMITS FOR RANGES ; 
Cc ~ 
—_—— atm 0 
O Bs LIMITS FOR STANDARD DEVIATIONS —>» Jy, 8, 
Lt, | ORDINATES FOR NORMAL CURVES —»§.°° | ¢ C) 
FRONT - NOTE : Traditional scales ore DF-CF, Cl, C-D, BACK 


MARCH, 1950 


LL,, Lbs, Lbs, LLO, LLOO, A-B, S, T, C-D, L 


23 








the normal curve, it makes 






ues for 
it unnecessary to carry a table of 
constants and tables of the normal 
curve 


This duplex-type quality control 





rule is 1242” * 2” * 5/32” in size 
Weighs less than 4 ounces. Non- 
warping light-metal core with opti- 
cal tongues and grooves insure per- 
manent alignment, freedom from dis- 
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sharp graduations coordinate front 
and back. Made by Pickett & Eckel, 
Chicago, Illinois 


Inc.., 


issisted by the Editorial Committee, St. Louis Section, ASQC 


APPLICATION—AUTOMOTIVE 
INDUSTRY 

QUALITY CONTROL PROGRAM 
AT REO REDUCES COSTS 
Julian K. Miller, Director of 
Quality Control, Reo Motors 
Ine 
(Automotive Industries, v. 101, 
n. 6, Sept. 15, 1949) General 
quality control application and 
values thereof 


APPLICATION—CHEMICAL 

INDUSTRY 

STATISTICS APPLIED TO 
ANALYSIS, Grant Wernimont, 
Eastman Kodak Co., Rochester, 
N. Y 
(Analytical Chemistry, v. 21, n 
1, Jan. 1949) 

A great many specific refer- 
ences are given in this paper on 
the uses of various statistical 
quality control methods as ap- 
plied to chemical problems 
Among those techniques dis- 
cussed are: frequency distribu- 
tions, control charts, variance 
analysis, correlation, sampling, 
and the design of experiments 
This article contains a bibliog- 
raphy of 134 references 

QUALITY CONTROL OPPOR- 
TUNITIES FOR CHEMISTS. 
K. C. Longman. 

(Chemical & Engineering News. 
v. 27, n. 47, Nov. 21, 1949) 

Such problems as: acceptance 
of raw material, control and use 
of materials, how, where and 
what properties should be tested 
and how often, are examples of 
major chemical industry prob- 
lems. These and others can be 
approached by quality control 
for a working solution Uni- 
formity and conformity in fin- 
ished products can also be con- 
trolled. Quality control further 
provides a means of quickly 
tracing down causes of poor 


quality 
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Bibliography Department, send 
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and contributions to: Mr. Jo- 
seph Movshin, 9220 Old Bon- 
homme Road, St. Louis 24, Mo. 











APPLICATION—ELECTRICAL 

INDUSTRY 

SAVING TIME IN TESTING 
LIFE, W. R. Purcell, Manager ot! 
Quality Control, Sylvania Elec- 
tric Products, Inc., Salem, Mass. 
(Electrical Engineering, v. 68, 
n. 7 July, 1949) 

Considerable technical quality 
control data for the use of medi- 
an and minimum control charts 
are provided. This application 
of the median and minimum 
control chart is to accelerated 
life tests of incandescent lamps 
(See also an earlier paper by 
the author on this subject in 
Industrial Quality Control, v. 3, 
n. 5, March, 1947.) 

AN OVERALL INSPECTION 
PROGRAM, Henry M. Wolfson, 
Asst. Superintendent of Inspec- 
tion, Western Electric Co., Hav- 
erhill, Mass 
(Electrical Engineering, v. 68, 
n. 7, July, 1949) 

In general terms this article 
discusses the use of standard 
sampling plans (such as _ the 
Dodge and Romig plans) in the 
manufacturing of transformers 
and other electrical coil equip- 
ment. This production includes 
a large variety of types and re- 
quirements and a corresponding 
diversity of inspection and qual- 
ity control procedure is used 


APPLICATION—MEDICAL & 
DRUG INDUSTRY 
THE SEQUENTIAL ANALYSIS 
OF BLOOD PRESSURE 


SCORES, Jack Mashman, Stat- 
istician, Office of Research and 
Medicine, U. S. Atomic Energy 
Commission, Oak Ridge, Ten- 
nessee. 
(Industrial Medicine & Surgery, 
v. 18, n. 8, Aug. 1949) 

An application of the sequen- 
tial analysis techniques of Pro- 
fessor A. Wald, Columbia Uni- 


versity. 


APPLICATION— 
METALLURGICAL INDUSTRY 
OPERATION OF STATISTICAL 


QUALITY CONTROL IN A 
STEEL MILL, W. T. Rogers, 
Metallurgical Statistician, Na- 
tional Tube Co., Lorain Works, 
Lorain, O. 

(Steel, v. 124, n. 11, March 14, 
1949) 

This quite extensive article 
shows the use of various statisti- 
cal techniques in a large steel 
mill. 

Examples are given to show 
the use of p charts, frequency 
distributions, X & R charts, “t” 
test, analysis of variance, mov- 
ing average, multiple correla- 
tion, sampling. There are numer- 
ous charts and tables illustrating 
the various techniques. 


APPLICATION—METAL 
WORKING 
PREDICTING MACHINE CAPA- 


BILITY, Dorian Shainin, Chief 
Inspector, Hamilton Standard 
Propellers. 
(Machine Design, v. 22, n. 1, 
Jan. 1950) 

The use of the average and 
range chart in analysing natural 
process capability is discussed as 
a means of predicting the level 
of machine performance. An 
outline is provided as a guide to 
finding assignable causes of ma- 
chine variation. Examples of 
the detection and correction of 
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such assignable causes of ma- BAR-CHART OF PAID-UP ASQC MEMBERS PER SECTION AS OF 





























chine variation are given JANUARY 23, 1950 
PITTSBURGH FORGINGS 

COMPANY—A STUDY IN iw 

PROGRESS, John C. McComb pnb , 

(Section on “Inspection Depart- sagan pn 

ment”) SO. CONN. 

(Steel Processing, v. 35, n. 9, WEST. MASS. SWZ 

Sept. 1949) NEW HAMPSHIRE Rd 

A very brief, one-page outline BALTIMORE aN: 

of the use of inspection and DELAWARE SNR /] 

— control in the production me TROPOLITAN ARBAB F777, 

of forgings. —— 

ENGINEERING & EXPERIMENTS ee enc 

HOW CHANCE LAWS CUT erates PE 

PRODUCTION COSTS, (Based BUFFALO an OS, 

on a paper by Dorian Shainin, MICHIGAN bs V¥4 

Chief Inspector, Hamilton MID - HUDSON BOON /) 

Standard Propellers) ROCHESTER DS WZ7Z7Z77Z4 

(Aviation Week, v. 50, n. 17, So. TIER Y _I\NYa 


April 25, 1949) 


A general descriptive discus- 
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f qualit 1 with = 
Sion of quality control with em- 
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phasis on the statistical setting 



























































of tolerance. A nomogram for COLUMBUS 
combining tolerances statistical- DAYTON 
ly is given and explained. GEORGIA 
PROBABILITY METHODS FOR OHIO KASAAASANMZZZ2ZZ4 
ESTABLISHING TOLER- PITTSBURGH SW 
ANCES, M. D. Barrows, Gen- TENNESSEE SS] 
eral Electric Company. TOLE0O eee 
(Product Engineering, v. 20. 7] 
n. 11, Nov. 1949) _— 
The use of probability dis- ares a 
tributions in establishing toler- MUNCIE —_ 
ances for total dimensions that CHICAGO DISNZZZ4 
are the results of combinations ILLINOIS a7 
of basic part dimensions. INDIANAPOLIS KASYZZZ4 
MANAGEMENT & PERSONNEL . iowa Lv) 
"COMPLAINTS, Wm. A. Mac. | “ures SSSI 
“Sake Tae ean ee MINNESOTA ES Y7A 
Crehan, College of Engineering, 
N. Y.U N.E. INDIANA RSS) 
(American Machinist, v. 93, Rock River vac. | TS) 
n. 13, June 30, 1949) $T. Louis ome NS ss 
Explains a system of recording SOUTH TEXAS TNS 
and investigating customer com- CALIFORNIA me 
plaints Illustrations of data aT LaRee LA \WY777A 
sheets and computations are in- - vTeanune ry 
cluded. Time lag between pro- 
duction and complaint is dis- 30 ov _ ae aa 
cussed : 
TRAINING SUPERVISORS IN Total ASQC Membership January 23: 2559 
QUALITY CONTROL, (Edito- 
rial Staff) ing the proportion of delays in MISCELLANEOUS 
(Management Review, v. 38. time study and methods analysis INTEGRATED QUALITY CON 
n. 5, May, 1949) work TROL—MAKES POSSIBLE 
'4 page—results of a Cleve- THE QUALITY OF OFFICE LARGE SCALE PRODUCTION 
land survey on plant training WORK CAN BE CON- OF PRECISION BEARINGS 
for quality control TROLLED, William R. Rivine Walter F. Toerge, Associate Edi 
DELAY ALLOWANCES BY and Harvey Sherman tor, Steel 
STATISTICAL METHODS (Management Review Vv. dd, n. 9 (Steel, v. 125, n. 23 Dec. 5 1949) 
Adam Abruzzi, Columbia Uni- Sept. 1949) This article presents a de- 
versity. General discussion of the val- cription ol the inspection prob- 
(Columbia Engineering Quar- ie of quality control as a mean lems in the manufacturing of 
terly, v. 1, n. 1, May, 1948) of controlling quality of office ball bearings at the Federal 
Use of the p chart for estimat- worl searing Co., Inc. at Poughkeep 
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sie, N. Y. Considerable detail is 
river on the manufacturing 
processes along with the inspe: 

tion methods employed. Some 


indications of the use of statisti- 
cal chart 


tech niques 


quality control and 


are g#iven 


THEORY & APPLICATION— 


GENERAL 
THE LAWS OF CHANCE, I, 
Poisson Series in the Glass In- 
dustry & Elsewhere, F W 
Preston, Preston Laboratories, 
sutler, Pa 
(American Ceramic Society 
sulletin, v. 28, n. 6, June 15 
1949) 
An excellent technical de- 
cription ol the use of the Bi- 


nomial Expansion and the Pois- 





son Series in the calculations of 
Several illustrations 
in detail the 
use of the mathematics involved. 


DIVERSIFIED TECHNIQUES 


probability 


are used to show 


INVOLVED IN MULTIPUR- 
POSE QUALITY CONTROL, 
QO. W. Hitchcock, Quality Man- 
ager, Scintilla Magneto Div 
Bendix Aviation Corp., Sidney, 
N. Y. 

(Steel, v. 124, n. 14, April 4, 
1949) 


A general non-technical ar- 
ticle outlining the relation be- 
tween quality control and in- 
spection, the statistical methods 


used for various types of work, 


and the contacts maintained 
with both customers and ven- 
dor S 


Practical Hid 


ELLIS R. OTT, 


Editor 


Several illustrations show the 
forms and charts used both for 


inspection reports and for statis- 
tical reports. 


STATISTICAL QUALITY 
CONTROL 
What It Really Is—By the Editors 
of Factory Management & Main- 
tenance. 


Why You May Decide to Use It 


How to Install It—By C. W. 
Kennedy, Federal Production 
Corp. 


(Factory Management & Main- 
tenance, v. 108, n. 1, Jan. 1950) 

A general description of the 
use of a standard sampling table. 
Emphasis is placed on the money 
saving and quality improving 
aspects of sampling inspection 


A Simple Formula for Skewness 





Send ‘Practical Aid” 


contribution to 
Dr. Ellis R. Ott 
Rutgers University 
77 Hamilton Street 
New Brunswick, N. J 


you r 











A SSUME THAT Table 1 shows a 
frequency distribution and its asso- 
ciated computation columns for the 


variable X 


ured in 


time to open (meas- 
from 
de - 


seconds) recorded 
900 thermostats, 
use in an airplane sub- 


Suppose further that the 


tests on each 
signed for 
assembly 


average and range charts, based on 


the 180 samples of 5 each from 
which these data came, show certain 
peculiarities that make it a matter 


investigate the varia- 
the variable X 

Table 1 
that we shall be especially interested 


in the 


of interest to 
tion pattern tor 
Examination of indicates 


skewr ess” o! depart ire trot 
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RALPH HAERTEL 


Stewart-Warner Corporation 


TABLE 1 


Mid-X f u 
15 30 0) 
0) 171 ] 
5 221 2 
60 162 5 
75 95 | 
oO 64 5 

105 12 6 
120 30 7 
135 21 ~ 
150 19 so] 
165 15 10 
180 9 11 
195 & 12 
210 5 13 
225 } 14 
240 3 15 
255 l 16 
Sums 900 


fu fu fu 
171 171 171 
442 884 1768 
186 1458 4374 
380 1520 6080 
320 1600 8000 
252 1512 9072 
210 1470 10290 
168 1344 10752 
171 1539 13851 
150 1500 15000 
99 1089 11979 
96 1152 13824 
65 845 10985 
56 784 10976 
45 675 10125 
16 256 4096 
3127 17799 141343 
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symmetry, exhibited by these data 

We use the variable u for coding 
these data to cell mid-points; cell 
width is 15 seconds 


Computations for average, X, and 


standard deviation, ox, are as follows 


u = 3127/900 3.4744 

X = 15 + 15(3.4744) 

15 + 52.116 = 67.1; 

(ou) 17799/900 — (3.4744) 
19.776667 — 12.071455; 


7.705212 


* 


6 7.705212 = 2.776 
0 L5o 41.64 = 41.6 


Shewhart (Economic Control of 
Quality of Manufactured Product, 
p.77) and the ASTM 
Presentation of Data, p.16, define the 
skewness statistic k by the formula 


Manual on 


The skewness of a normal distri- 
bution is k 0 


We shall show how to calculate k 
for the data of Table 1 (or any 
similar frequency distribution) by a 
formula that represents considerable 
simplification over those given by 
Shewhart and the ASTM Manual, 
and whi h is believed to be new 
The formula is 


k = K + 3(C/ou) (C/o.u) 


where (in the notation of Table 1) 
C is a “correction term” defined by 
u u C, with ue an arbitrary 


value of the coded variable u, and 


K > fi(u uc)*/n(ou) 


The simplest choice for ue in 
Table 1 (or any table in 
which data have been coded) is ob- 


With this 


simila) 


viously the choice u 0 


Report of Second Annual Q.C. 


February 10-11—Philadelphia, Pa. 


The Second Annual Quality Con- 
trol Conference, under the 
sponsorship of the Philadelphia and 
Delaware Sections of the ASQC and 
Temple University, was held at the 
J February 10 and 11 
310 people representing 113 com- 


1 ? 
join 


University on 
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choice, we hav: for the data of 


Table 1: 


K (141343) / (900) (2.776) 
141343/19253.11 


7.341 
Also 
&- u u 0 — 3.4744 
3.4744 
whence 
Cia 3.4744/2.776 


1.2516, 
1.2516) 
1.961 


and therefore 


k 1.341 t+ 3(—1.252) 1.961 


1.624 1.6 


It is not the object of this paper to 
discuss the implications of this re- 
sult, but it may be mentioned that 
for k as great as 1.6, a mathematical 
model other than the normal curve 
would certainly have to be sought to 
represent the theoretical distribution 
curve for the variable X in Table 1 
Moreover, in seeking an appropriate 
model for a uni-modal but non- 
normally distributed variable, an ac- 
ceptable estimate of the parameter 
k’ for the universe of the variable 
would be needed 

For these, and other reasons, the 
writer feels that the feature of skew- 
ness in observed frequency distribu- 
tions deserves more attention than 
it has been given in quality control 
literature. At least part of the rea- 
son for this apparent neglect must 
reside in the rather tedious calcu- 
lations generally required to evalu- 
ate k. The simplified formula given 
in this paper should help to over- 
come this obstacle 

Even so, k is not as stable a statis- 


tic as X or a 


ations the 


under sampling fluctu- 


ASTM Manual (p.28) 


panies educational institutions POvV- 
ernment agencies and ten sections of 
the ASQC attended the sessions 

A new feature iol this Y@Cars COT 
f 


five speakers on Business Ap 


p! cation The qgaiscu ions ol tne 


ference was the inclusion of a panel 


recommends a sample of at least 250 
before an observed k can be trusted 
as an estimate of universe skewness 
k’. But when one has a sample of 
this size from a controlled process 
and organizes these data into a fre 
quency distribution, it would fre 
quently seem both appropriate an« 
desirable to investigate the skew 
ness, and to use the information thu 
obtained to aid in selecting an ap 
propriate model for the distribution 
of the variable in question 

An alternative method of working 
with data whose distribution i 
skewed is to look for a change of 
variable that will yield a distribu 
tion which is essentially normal. It 
frequently happens that we can 
transform our non-normally distrib- 
uted variable X into a normally di: 
tributed variable Y if we 
¥ log X. Other choices are some 
times apparent to those who ar 


familiar with the particular proce: 


choose 


Note: Derivation of the simplified 


formula for k is not difficult, but will 
be omitted here 

The method used to obtain the 
formula for k in this paper can be 
extended readily to yield a corre 
spondingly simple formula for an 
other statistic defined by =(X 
X)‘/n(ox)*. This 


can be compared avain 


statisti called 
“kurtosis,” 
the standard 3. which is its value for 
a normal distribution. A uni-modal! 
ymmetric) di 
tatistic ¢ 


(and approximately 
tribution for which this 


ceed 3 will have a relatively harp I 


mode and longer tails than a normal 
distribution; the converse is also 
true 
Kurtosis is discussed in all stand 

ard textbooks on descriptive tatis 

tics. Its use in practical qualit 

control is of doubtful value; hence: 
mentioned 


the simplified formula 


above is omitted hers 


Conference 


application ol qualit cont | ‘ 
niques to such fields as clerical wor] 
| ick iVing ind ( I ume! re earc! 
iroused conside ible interest ame 
nD nie ne no ire I ;. «& ‘ 
tere ted I ine more ] ln -) 
auct I ind esearcn appilt il | 
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Standard Oil Company of Indiana 


For a subgroup size two, the 3- 
sigma upper control limit for ranges 
is given in tables as 3.27R, but the 
upper control limit for standard de- 
viations is given as 3.660. For a sub- 
group size two, R 20 exactly, not 
approximately, and the two control 
charts (for ranges and standard de- 
viations) will be identical in their 
plotted points and averages (6 and 
R) except for the factor of two 
However, their upper control limits 
will be different, and the same sam- 
ple point could be in control on the 
sigma chart and at the same time 
out of control on the range chart 


Why? 





Solution by 


HARRY G. ROMIG 


Bell Telephone Laboratories, Inc. 


The answer to this problem is that 
exact values of on were used to de- 
termine control limits for the range 
R and only approximate values of 
o0 were used to determine control 
limits for the standard deviation o. 
The committee preparing the ASTM 
Manual, of which I was a member, 
made this arbitrary choice when 
computing the factors in Table I, 
page 50, Supplement B. ' he stand- 
ard deviations for ranges were tabu- 
lated (Egon S. Pearson, “The Per- 
centage Limits for the Distribution 
of Range in Samples from a Normal 
Population (n 100)”, Biometrika, 
Vol. 24, 1932, p. 416, Table A) and 
the equation for on was given exactly 
in a complex form with no simple 
approximation that could be easily 
remembered. The standard deviation 
for standard deviations had to be 
computed and, although the equation 
for So in its exact form was not as 
complex in its exact form as was the 
equation for ox, its approximation 
o'/V¥2n was simple and also satis- 
factory for use with almost all sam- 
ple sizes, its error being for most 


It had 


practical purposes negligible 
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Editor 


G. RUPERT GAUSE, 





Problems for solution, and cor- 
respondence concerning material 
published in this department, 


should be addressed to 


MR. G. RUPERT GAUSE 
Bell Telephone Laboratories 
463 West Street 

New York 14, N. Y. 











the added advantage that it was very 
close to 0.7 of the standard deviation 
for averages, ox a’/Vn, for all 
values of n, thus making it easy to 
remember and use in the field when 
no tabulated values of the factors 
were available. 

The disagreement in the B: and D, 
values for sample size two has been 
brought to the Manual Committee’s 
attention and it is very likely that 
the next revision of the Manual will 
give values of B. based on the exact 
equation, since they are now com- 
puted, and since many feel that 
nothing has been lost by presenting 
exact factors even though, in the 
field, many will still make use of the 
above simple approximation in com- 
puting control limits for the standard 
deviation. This will resolve the en- 
tire problem. 

The problem as presented con- 
cerns itself with the possibility that, 
due to the discrepancy in these fac- 
tors for sample size two, a sigma 
value based on two observations may 
be within control limits while the 
corresponding range based on the 
same two observations will be out- 
side the 3-sigma control limits. For 
sample other than two, the 
same situation may also occur be- 
cause the two statistics « and R, 


Sizes 


both measuring variability, have dif- 
ferent distributions. However, for 
sample size two, the nature of the 
distributions are the same, their dif- 
ference being only a matter of scale, 
as indicated in the problem. If both 
statistics are to be plotted, control 
limits should be based on the exact 
limit provided by D. for sample size 
two. 

It was not expected that control 
charts for both standard deviations 


and ranges would be maintained 


simultaneously, which would give 
rise to the dilemma in the problem. 
The sampling errors for sample size 
two are so large that the case indi- 
cated should happen very infre- 
quently, and if it did occur it is an 
indication that it may be advisable to 
make a simple investigation for pos- 
sible assignable causes in the pro- 
duction process. If the data indicate 
a trend, it is wise to make a check 
before trouble really occurs, when 
such a trend is unfavorable. 


The question raised emphasizes 
the fact that when two or more 
slightly different tests are made in 
measuring a property or character- 
istic of a product, or to check the 
validity of certain data, lack of con- 
trol or significant differences may be 
indicated by one test and not an- 
other, depending on the efficiency of 
the test and the validity of the sam- 
ples measured or tested. Such dif- 
ferent findings indicate that further 
analysis of the process is required 
when any one test indicates lack of 
control. 

In summary: (1) theoretically the 
B. and D., factors should be identical 
for sample size two; (2) future 
tables probably will eliminate the 
present disagreement; (3) practi- 
cally, it makes little difference in 
such marginal whether the 
point is classed in or out. If one or 
more prior samples of two have been 
marginal, there is then a more defi- 
nite indication of lack of control; if 
they are well within control limits, 
then one may question whether he 
should not wait until another sample 
is available to render a decision. 


cases 


MATHEMATICAL NOTE 
The following relations and values 
are used in computing the factors in 
question. For sample size n 2, 
D 1.128, 1/d 0.8865, and d 
0.853, where d o'n/o'x. Hence, 


D.=1 3d;/d 
1 + 3(0.853) (0.8865) 
3.268, 
the value listed in Table I, ASTM 
Manual. 

The distribution of standard devi- 
ations in samples of n from a normal 
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universe is known, -and is non-nor- 
mal, particularly when n is small. 
Considering its exact distribution for 
samples drawn from a normal uni- 


verse with unit standard deviation 
(o’ 1), and bringing in a compen- 
sating factor for such a distribution. 


we have 


K [2(n 1) 2n(cz)*] 


Ordinarily the standard deviation 
of standard deviations is given by 


So = '/V 2n = /eV 2n 


where even the c. factor may be dis- 





regarded when n is greater than 
say, 25, because its value is then 


very nearly one. For small samples 
(even of size two), disregarding the 


factor K but keeping the c: term, 
gives, for a normal universe with 
oO 1, the approximate formula 

B 1 + 3/e:V 2n 
In particular, for n 2,¢ 0.5642, 
l/c 1.7725 and 3/ Vv 2n 1.50 so 
that this approximation to B. be- 
comes 

B l (1.5) (1.7725) 


1 + 2.658 = 3.658, 


which is the value listed in Table I. 


ASTM Manual. 


For sample size two the factor K 


becomes 


K = [2(2—1) —4(0.5642)*] 
[2 — 4(0.31832164) ] 
0.8525 


If 2.658 (i.e. approximate B 1) is 
multiplied by this value of K, we 
get (2.658) (0.8525) 2.266, which is 
very near the (D, 1) 
2.268 given at the beginning of this 
If more terms in the complex 


figure of 


note 
expressions defining ox and %o are 
used in determining both D. and B 
they both become 3.267, as would be 
expected since for n 2, range and 
standard deviation are directly pro- 


R 20, 


portional, i.e., 


Note on an Inspector Rating Scheme 


Ly RECENT years single sampling 


plans have been widely used in mass 


production industries. When han- 
dled properly these plans have 
shown marked success in quality 


assurance at reduced cost. On occa- 
sions, however, serious trouble has 
resulted from their misuse. The pur- 
pose of this note is to call attention 
to a common industrial problem 
where mistaken ideas about sampling 
frequently appear 

Suppose the screw machine de- 
partment of a 
turning out four 
Afte: 
screws are placed in 
one having a Capac- 


plant is 
defective 


particular 
percent 
machining, the 
of two 


material 
pans 
different sizes 
ity of 200 screws, the other a ca- 
pacity of 1000. The lots of 200 are 
examined by detailer A, the lots of 
1000 by detailer B. All lots then 
pass along a conveyor to a checke1 
who takes a 10° 
lot. If he finds one defective screw 


sample from each 
in the sample, he rejects the entire 
lot and returns it to the detailer for 
reinspection. (See the accompanying 
flow-chart diagram. ) The checke: 
keeps a weekly rating sheet on each 
detailer, based on the number of lots 
rejected out of a week’s work. The 
question then arises, is such a rating 


” 


system fair to the detailers 
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The answer lies in the operating 
characteristic (OC) curves of the 
sampling plans. These curves give 
a picture of the ability of any plan 
to discriminate between good and 
bad lots. For any given percent 
defective in submitted lots, the OC 
curve probability that 
such a lot will be accepted by the 
plan. Figure 1 shows the OC curves 
by which the checker operates. The 


small lots is above the 


shows the 


curve for 
curve for large lots, which indicates 
that lots of 200 nearly always stand 
a better chance of being accepted 
than lots of 1000, regardless of the 
quality of the lots as they reach the 
checker. For example, 1°7 defective 
lots of 1000 will be accepted about 
30°; of the time, while 4% defective 
lots of 200 will be accepted about 


AMERICAN SOCIETY 


Printing of Industrial 
Quality Control 

With this 

QUALITY printing of the 

magazine has been shifted 


Juffalo, N. Y. to the Wisconsin 


Inc. in Milwaukee, 


issue of INDUSTRIAL 
CONTROI 
from 
Cuneo Press 
Wisconsin 
This change is the first of a num- 
ber of steps being taken by the Edi- 
Board and the Executive 
Committee to improve Society or- 


torial 
ganization for publications and to 


assist in prompt and _ efficient 

handling of these publications 
Other steps taken in these planned 

changes will be announced in sub- 


sequent issues of the magazine 


Executive Committee 
Meets at Princeton 

The Executive Committee of the 
Society held a successful two-day 
meeting on Saturday and Sunday. 
December 2 and 3, at Princeton 
New Jersey, following the Middle 
Atlantic Regional Conference. All 
but three of the members of the 
Executive Committee were present 
and one of those absent was repre- 
sented by the Alternate Regional 
Director 

The Executive Secretary presented 
a report on Society membership as 
of November 28, 1949 
total membership of 2037 of whom 
66 were Fellows, 814 were Senior 
Members, and 1145 Members. (Of 
the total 2037 membership, 532 were 
new members of the Society.) It 


showing a 


30 


43%, of the time. In plainer lan- 


guage, if detailer B catches 3 out of 
every 4 bad screws in the large lots 
and detailer A lets the small lots 
pass straight from the machine to 
the checker, A still gets a much 
higher rating 


The use of such a scheme arises 
from the mistaken idea that all 10% 
sampling plans give the same pro- 
Actually, from the stand- 
point of protection, the absolute size 


tection 


of the sample is much more impor- 
tant than the ratio of sample size 
to lot size. For example (Figure 2) 
by using a sample of size 20 in both 
cases the checker would be operat- 
ing on almost identical curves for 
both detailers—B’s lots would have 
approximately the same chance of 


was agreed that each Regional Di- 
rector will work with the Directors 
in his Region so that each Section 
will secure the highest possible re- 
newals and new memberships during 
the current Society yea 


The Treasurer presented a report 
showing Society funds on hand in 
the current account amounting to 
$7,697.12 as of November 30, 1949 
Income received during the first five 
months of the current year totalled 
$7,511.15 and disbursements during 
the same period amounted to $5.,- 
639.29. The budget adopted at the 
October meeting of the Executive 
Committee was reviewed in the light 
of these operating figures 


Each Regional Director reported 
on Society activities and program in 
his Region and presented the recom- 
mendations of the Sections on So- 
ciety operating procedures, member- 
ship renewal procedures, and dues 
schedules Based on these reports, 
plans were made for strengthening 
Society organization through the 
work of Directors and Regional Di- 
rectors. Vice President Weaver pre- 
sented a proposed “Manual of Pro- 
cedure for Directors and Regional 
Directors” as requested by the Ex- 
ecutive Committee in October. This 
document was carefully reviewed 
and approved for submission to the 
Directors for study and comments 


The Spec ial National Offices Com- 


mittee reported on its review ol 





acceptance as A’s lots. Control charts 


could then be plotted from the 
checker’s results to compare the per- 
formance of the two inspectors 


The general nature of the results 
obtained does not depend on the 
particular choice of process average 
or the ratio of sample size to lot size 
i.e., the particular percentage sam- 
pling plan being used. The 4’ 
process average and 10‘ 
to simplify the 


sample 
were chosen only 
calculations. 

In actual practice, of course, the 
problem is complicated by the fact 
that there are many inspectors, each 
inspecting many different lot sizes 
Even so, the same general principle 
applies: Keep the sample size con- 
stant! 


NEWS 


Society operations in national offices 
Based on this review, recommenda- 
tions were made to modify and sim- 
plify Society procedures so as to 
lighten the load of work of national 
officers. These recommendations 
were accepted by the Executive 
Committee with thanks to the Spe- 
cial Committee 


Editorial 
Board in adopting new procedures 
regarding Society 
Special Publications Committee was 
established consisting of W. R 
Weaver (Chairman), A. L. Davis. 
F. J. Halton, M. E. Wescott, and 
R. E. Wareham. This committee was 
directed to work closely with the 
Editorial Board and Advertising 
Committee in establishing new pro- 


In order to assist the 


publications, a 


cedures for handling publications 


The Executive Committee received 
reports from Society committees as 
to activities and programs of the re- 
spective committees. A proposed 
“Standard Definitions and Symbols 
for Control Charts” was received 
from the Standards Committee and 
approved for publication in Indus- 


trial Quality Control. 


After considerable discussion, the 
Executive Committee approved the 
request of the Denver Section that 
Society affairs 
as part of the Midwest Region rathe: 
than the Western Region, so as to 
continue the close contact of Denve: 


it be represented in 


people with the Midwest Sections 


INDUSTRIAL QUALITY CONTROL 





The Executive Committee voted 
to establish a General Convention 
Committee to serve the Society in 
matters ol polic y relating to conven- 
tions and conferences. The President 
appointed the following as members 
¥f the General Committee: W. R 
Weaver (Chairman), J. M. Ballowe, 
A. L. Davis, W. R. Purcell, R. S 
Saddoris, and W. E. Jones 

Numerous other matters were 
given detailed consideration at the 
meeting, and action taken in con- 
nection with a number of them is 
recorded elsewhere in this issue of 


the magazine 


Chemical Technical 
Committee Established 
The Executive Committee has es- 
tablished a new Technical Commit- 
tee to serve the Society in matters 
relating to chemical quality control 
matters. The new committee has 
been designated the Chemical Tech- 
nical Committee and is composed as 

follows 

Chairman: Roland H. Noel 
Syracuse, N. Y 

Vice Chairman: George N. Cornell 
Decatur. II] 

Secretary Charles A. 
Wilmington, Del 

The new Chemical Technical 


Committee is expected to be of im- 


sicking 


portant value to Society members 
by serving as a common ground fo! 
those working in the chemical field 
While specific questions will be re- 
ferred to the Committee from time 
o time, there are four principal 
projects which the Committee now 
plans to undertake 

] Preparation ot a Bibliography 
f articles involving 


ol 


quality 


control articles in the chemical 


2. Service to the Editorial Board 
ising on quality control 


papers dealing with chemical 


probl ms 


3 A sistance to Convention com- 
mittees in planning of conven- 
tion programs for chemical ap- 


plications 
1. Acting as a clearing-house fo 
matters o! quality control of in- 
terest to members working in 
the chemical industry 
Members of the Society who are 
work of the new 
committee are urged to write to the 
Chairman of the Committee, M1: 
Roland H Noel at Bristol Labora- 
tories in Syracuse N. Y 


nterested in the 


MARCH, 1950 


1950 Annual Convention 

Plans are well advanced for the 
Society’s Fourth Annual Conven- 
tion to be held at the Milwaukee 


Auditorium in Milwaukee on June 


1 and 2. Under the leadership of 
General Chairman R. S. Saddoris 
Chairman L. A 


Knowler, an excellent program is 


and Program 


being arranged which should prove 
of interest and value to all members 
of the Society. 

The Annual Dinner Meeting of the 
Society will be held on Thursday 
evening, June 1, at the Hotel Pfister 
in Milwaukee. At this meeting, the 
Shewhart Medal and the Brumbaugh 
Award will be presented to those 
selected for this year 

Following the Convention, on Sat- 
urday, June 3, the annual corporate 
meeting of the Society will be held 
in Milwaukee for election of 1950-51 
officers and for transaction of other 
Society business. All members are 
urged to plan to attend both the 
Convention and the annual meeting. 


MICHIGAN QUALITY 
CONTROL COURSE 


The University of Michigan will 
offer a ten-day course in Statistical 
Quality Control August 21-31 in- 
clusive on the campus 1n Ann Arbo 
This will be a repetition of the suc- 
cessful introductory course given in 
August in 1948 and 1949. It will be 
ntensive, mathematically non-tech- 
nical, and practical 

Professor C. C 
charge, and the staff will include 
Professors I. W. Burr of Purdue Uni- 
versity and E. G. Olds of Carnegie 
Institute of Technology and Mr. E 
C. Yehle of the University of Mich- 
igan The registration fee of $100 


per person includes a textbook and 


Craig will be in 


a syllabus of the course 


For further information write to 
Professor C. C 106 Rackham 
University of Michigan 

Michigan 


Craig 
Suilding 


Ann Arbor 





SQC COURSE 
Washington University 
St. Louis, Me April 17-29 
For details write to 
J. H. Batchelor, Director 

College 


Washington University 
St. Louis 5, Missouri 


University 
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POSITION WANTED 


QUALITY CONTROL ENGINEER 
with Mechanical Engineering back- 
ground desires position in or neat 
New York City. Presently employed 
in the electronic industry. Member 
ASQC. Write to 6El, American 
Society for Quality Control, 22 East 
10th Street, New York 16, N. Y 


MECHANICAL ENGINEER, 27 
BSME 1948; 18 months pattern shop 
foundry, welding, and machine shop 
practice; 9 months total enginee 
ing; 10 months quality control engi 
neer. Member ASQC. Desires posi 
tion in production or management 
fields. Reply to 6E2, ASQC, 22 E 
10th Street, New York 16, New York 


REGISTERED mechanical and ele« 
member of ASME 
of ASQC 
planning and 


trical enginee 
and ASA senio! membe1 
Unsusual ability in 
analysing research and 
result 
tistical method 


inspection 
Experienced in applying sta 
to research, inspec 
tion and quality control activitie 
upervise staff! 


providing 


Can instruct and 
Seek 
cope tor stati tical ability and in 
Qualified for 


advisory responsibility in manufa 


position greate! 


terest executive ol 
turing, inspection and research divi 
ion Write to 6E3, ASQC, 22 E 
1th St.. N. Y. C 
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VALUABLE FEATURES OF 


FEDERAL air GAGE 


* Calibrated scales (4000 to 1 and 2000 
to | — others available) ¢ Only one 
master required — easy to setup °* No 
troublesome air filters © Hydraulic air 
pressure control — no mechanical regu- 
lators °* No floats — therefore no float 
troubles © Automatic guide sleeves — 
faster plug entrance ¢ Full accuracy 
throughout gage life * Long gage wear 
¢ Exceptionally fast and accurate °¢ All 
the magnification you want * Lowest 
air consumption ¢ Large gage orifices 
— less plugging up °* Easy to maintain 

—much lower 
= annual upkeep 


°) 


The FEDERAL AIR GAGE is the outstanding leader of 
dimensional air gages. There’s never been a gage like the 
FEDERAL AIR GAGE for simplicity, durability, and 
complete freedom from maintenance costs. It’s not a bit 
tricky, hard to set up, or hard to keep in trim. The sound 
fundamental principle of hydraulic control eliminates all 
mechanical regulators, filters, cleaners, bourdon and taper 
tubes, and other sources of maintenance headaches. 

Due to the proven accuracy of its calibrated scales, this 
air gage gives you extremely accurate size readings with 
less dependence on operator skill. In fact, these scales 
and the non-adjustable master jet are so reliable that you 
need only one master for each gage plug. And don’t 
forget, the FEDERAL AIR GAGE requires minimum 
maintenance per hour, per day, per year. In air gages the 
trend is to FEDERAL. Write today for Air Gage catalog 
or ask us to demonstrate this modern inspection tool in 
your own plant. Federal Products Corporation, 1114 A 
Eddy Street, Providence 1, R. I. 





